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Women, Numbers and Dreams 


Preface 


This is the last quartes of the twenticth ecatury, and most women capedt tu work the 
gteater past of theis adult lives, We want to share the tlatics of a group of wonicn whine 
work has been very important ta them, Some of thess wainca lived Jong before you were 
bor, Like you, they are from different backgrounds. 

To all of thes, their work has been rewarding in many ways, They work on 
interesting problems. They are proud of the results of their wark, Among the 
contemporary women, good salarics allow them independence. These women are the 
lucky ones, 

In the last chapters, you will read about a wanfercnes to inspire young women To join 
these lucky ones. It is 3 truc sary, a8 are all the other stories in this book, 

Young women growing up now can become whatever their talents and dicams 
allow. Beoome one of the lucky ones. Dieam big and keep your options wide Open, 
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MARY SOMERVILLE 
1780-1872 


Mary Somenilile was born in Hurntidand, a unali village on the northern acacia 
of Scotland. Asa child che honed to roan out-of door, She had ial Pa sicp through an 
opening at Use ead of bet garden and she was on Ub 2 ahore. 

“When the lide was out,” she wrote, “i spent hours on the saitda, lookuig af the stap 
feh and scaurchins, of watching the children digging for sand-exls, cackels, and the 
spouling fazoyfioh, .. 1 know the eggs of many birds, and made a collection of them. | 
aces tabbed a pest, bul bought susags of eggs, which were sald by bays, ,, Palsa watehed 
the crabs, live shells, jollyfeh, and variacs marine animals, ll of which were objects of 
curiosity and atuscment ta te in mny loncly bite” 

Mary’s father was an Admiral in the Englan Navy, Whoa Mary was about fon years 
wld he came home afics a tong voyage. He potiogd how wild Mary had Beaune from hes 
eonHant ouldoos cxprorations and ituivted she be scot off to a boarding school, Mary 
spon one year at Mins Prnrose’s boarding school, 


Miss Primrose’s School 


Away tron the wild Scottish coast, Mary was desperately unhappy. She was 
bcinicaded by some older guts who flushed het eyes with water in ondcs to hide the tears 
thal were almoul oonsantly running down bes face, 

Al school she learned reading, writieg, French and Exglnh grammar, Tae mothad 
of Icaching was monly memorizing: for instarec, Mary had ta momotize an onlite page af 
Samal Johnson's lamous dictionary, giving thc epciling, pronunciation and definition of 
each word in order, Poor Mant She had no memory for subjects which did nat interest 
her, 
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Add ta this the @osdume she had to weal dutieg hed lessor, a steed burk od 
Harework Tied around het chest uades hey gown Ancthes sto pices ettached 1a this 
tusk faled aves tee shoulders, dtawing thet hack sa fat hed shouldcy Blades Lauched in 
back. A thid mictal pices Bited in a semucnde uade her chia fa thas sail of anstiog shi 
had to feaia hes lessons, as did all the younges gis in the school. Thi was supposed to 
hecp tein fram douching! 

Mary eves did adjust ta lite af the achood, and al the yeat’s cad she tuned hare 
Mil waiting and spelling poosty, She wate tu he older brates who was af school at 
Pdisturgh aad asked him ty bey ber something with the “bank-Laot" she seat. 

Later, whea Mary was thiteca, she Fyved fay a minted an Edanbuteh which way a 
neatly latge eity, Thete she wont to a day school fo study wading and apithunctic Pinalty 
she Leagned to wiite “a fait hand" aad found thal che liked arthenctic 


Home Life 


Leaning something ew always sntcrested hea, Hut before she eould follow the 
studies che grow ba love she had some hard tenes at home, Whoneves she gave het opanion 
on a subject the was “anstan ty wcnard, athourk (she wiotr) } often knew, and dould have 
proved, Ural I was a9 the saght.” Mary was lienid and heotated ta opeak up, Those chy 
footings neves Jeft hes though they were much toss strong whos she was old and famous, 

Het felstives disapproved of hes when she was a toonages beoause she toad so 
much, Hot father said, “We must pol a stap to this, of we chal have Mary in a slrait jacket 
ane of these days. There was X., (another girl) who went paving aiad about the longitude!” 

Hi was commonly bolieved that guts and women could go mad Hf hey cucicord they 
funds too Bach, It was alsa believed, even by dacton, Unat toa siuch Mudy would alfcct 
the abglity of wameny ta bear children, 

That was one arca, though, i9 which Mary was “detcrmined and infloutic’ the 
pursuit of her studies, Wa by bit she learned French, Latin and Greck. The sasbjexts that 
fascinated bor most wore the ones thal grow out of het love of natese. She had always had 
a licen eye for obse ping fish, birds, plants and the might sky, 

Using a emall globe that showed the constellations, Mary wtadied the dacs from 
norte and toh: facing windows in her attic bedroom. Later, trom reading a hook on 
AaVgsOR, she teat acd taal astronomy was nod pnd staryaring, and that ta make pragtess 
she would pox to know higher mathormutics to chart the gonsteliations, 
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Puzzles and Clues 


hae day a fiend of Mary's showed fice a eee tlowen'k patieta ica Tadics 
RS BE OS ate! “ As the feacnd Ieated Phponsyh whe pages, hhsry” SOMOS ed A Ber Pot a credba 4 
potsde, bul wdluded wath the muisbess eee Yue leticds atid y 

Meny said io hes fiend, “What do those laters weae 

Hea fascad teplicd, “OR, it as a bind of atahenctic They callat Alpetas. tut bean tell 
yoru Gah alone af 

$tea traced had Ho ao tata tut Whaty Rad af lead Vhe maine ef athe Bvt dao 
sabyetoadectya, tates, whoa she was tabirig dennais an datdincape Painting Pawitang ara 
wCEMewok Were eomadered accx prabhe satycets lod guts La voady), she head Kea teactics 
talaane fa some of her clasemates He said, “Yoo s Hot’ shady Paactad’s dieweents of 
torommesry, the fovatidadacti Hoh ot} s. od gids Spretine, Bat of et bomohthty atid a) trecd tiated 
none mes,” 

Anothe «luc! Now sic bicw what hocks ta ark fot Docks oA alpctaa atid 
goothetry About that ithe a tuted was hired fot Vt ays younpe: hrothes This band poised 
agiced fo buy the baciks Mary sa dospetatcty wanted and he cid af-oa tis Vode teat dict ta 
1 dantureh, 

“Nom,” said Maty, ' ‘bhad gat what t fad so fog atid Cattic ily dosited 

“Betare } hes aH ta dead alpctia d taund a nce insaty fa study atithmetic anain, 
hai ang Sat Sottes sac of at. 9 HOVES Mas cape 44 al addition, fot, a4 siettitheatey ap a doris 
columns of Ponds, shillings, aad pong) ai the attaly accent book, i seidatt cathe oud 
Paade Hie same way,” 

Reading Uauctid’s work on ge OPACUA was consagned ta the nighttime, alica Lae fost cd 
the fatnity aad sefvantts wont to bed, d. The sc#varts dindevered Phat the candle supply MAD 
practically used up by Marys nightly tcadine habit, Mary's mathes told thet ia take aw’ ay 
all het eandics at bedtime, 

Mary wrote, “I had however, altcady gone through the fast sia books af Haclid, atid 
now | was thrown an ey thothary which P coxeromcd by borane at the first hack and 
domonstrating 4 8 thy tind a cesta aatnhes of protic every agai, aa) F contd tic catty go 
through the whole,” 


Accomplishments 


Stadysng mathomatios was aol the only Ching Maty did. She spont hots every ay 
at howtos chores aad wade and mondcd 454 hes diothes, coves hes ball gowns. 
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About this tine Naty end Ned tached wedtd ta P darn phi tc peed the waedieds 
fee ady paid eanty sachs sth and word bo dances, Where ove apbrady cdetqceid aece Uy aired 
othed onset ay GRHOES. Young Radios weet sotiowtied fine ad Chad die as Ridin dys ets gated in 
aad Che Ountons fos goaticaaen fa eady theses td datz $4 nodal ctiaits hats was pravunied 
ic be Uenpotied by gentlemen bea mother know. Mary lowed Sarcing anid wae rcvr) 
withow pattnce he offen cate Rawic How a dated an baad dang ta 

Mary fad a satel and dic ‘acate face aad fpote anid wate hecorming ond Labiomatile 
gowt,. She was acy dest dootang and was catled “Tie Rone of lediun £4," deditateh be any 
the name of the towea where hMary Mayed wail dc latavess, 

As always Masry loved 10 read, sc Brydh Ho thed ote: tity VWhaty's watt, whe Bed Weck 
the Rady, said fo hea enothes, “YP wonded yoo tot Mary waste thed ties an senting She 
HOw d HOw thate Phas d che wore a gion" 

Mary diagiced. She wrote, Poway seed Cried Bey Gut how pec da 6 | eat cat meee th 
drappioved of, aad thaagt 4 enya that wortiem dhosld heve bien giver 2 scare Ba 
taowlodge fit wete wrong ta aaguite xt." 

Maty loved smusac tag and practerd the piano hast cach day. Hower, whet thes 
family obleed het ta pesto aa tras of wotipath, het shyness retatnad and she played 
badly, Mary hated to dg pacity. 

Pad a latidscape Painics she was accomplished asd diet week was passed aVornsnd 4a 
Hionds of the fatty whe crdourared hey, Thou Magy did at sehotkty comsadey a 
Cares ad a pathics she was, she wecte, “antonacly aatibtatious da cnced at noRne HS, dey 7 Act 
a8 Hy ome dita that waition were capable of tshng o higties place an ofcatiom than that 
assagaed to Lio an tny carly days, which was very tow * 


Marriage 


Whoa Many was bvonty-dou she suatfied. Her husband was a distant causin of hots 


Miaty"s father sasistod upon Anowsag that Mary would mover have ta tive an Russia. Thote, 
stormy polities made life far forcignors dangerous, fot 4a Dhie year, 1404, Napoleon tad 
dectared tamacif Eeaporat and was loading hin traape to battle wed the Activa and 
Rassaaty, 

Maty, who had grown up an a small Soottish village on the sorte seacoast, eoved 
with bes hushaad ta Loados whore the Russian aonsdiste was tacated. 


> a 4 


Her husband did not forbid Mary to study but he had no good words for her 
occupation. Like most other people, he thought that educating women and girls was 
foolish and useless. 

During the next three years, two sons were bom to the couple. Then, suddenly, 
Samuel Greig died. In those days illness often carried off people very suddenly. There 
were no drugs or innoculations against diseases such as cholera, pneumonia or influenza. 


Widowhood 


Mary moved with her babies back to her parents’ house. At twenty-seven she was a 
widow. There was one thing she could do--throw herself into her beloved studies. 

For the first time in her life she did not have to mect with anyone's approval, for she 
was now independent. She resumed her old schedule of carly morning and late evening 
Study. She devoted the days to her children. 


A Career 


At this time there were "ladies magazines" that contained sewing and needlework 
patterns and recipes just as the "Ladies Home Journal" and "Woman's Day" do today. 
"The Ladies’ Diary," for instance, was a magazine that was published for well over 100 
years in England during Mary’s lifetime. 

Magazines and journals then had one major difference. They contained problems 
and puzzles in mathematics. Mathematics was something new to ordinary people who 
were not educated, and women were interested in the subject equally with men. It was not 
thought that mathematics was “over the head" of women. 

Mary began to work on problems given in one such journal. She sent her solutions 
to the editor, Mr. Wallace. He was impressed with them and he sent back his own 
solutions. 

“Mine were sometimes right and sometimes wrong," she wrote, "and it occasionally 
happened that we solved the same problem by different methods." 

Finally Mary solved a problem in algebra and won a prize. It was a silver medal 
with her name on it. She was very pleased. 

This same Mr. Wallace became Professor of Mathematics at the University of 
Edinburgh. Mary told him she wanted to learn "the highest branches of mathematical and 
astronomical science" and he gave her a list of books which were written in French, Latin, 
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and English. The list included books on algebra, physics, calculus, geometry, astronomy, 
logorithms and probability theory. 

"I was thirty-three years of age when | bought this excellent little library,” she said 
of herself. “I could hardly belicve that I possessed such a treasure when I looked back on 
the day that I first saw the mysterious word “AJgebra’, and the long course of years in which 
Thad persevered almost without hope. It taught me never to despair." 


A Proposal 


Mary reccived several offers of marriage. Onc offer, sent in writing as was the 
custom, listed the duties of a wife in such a narrow-minded way that Mary tossed it right 
away. She was no longer a child and she knew what she wanted. 

After a time a cousin named William Somerville Proposed marriage and Mary 
gladly accepted. He and Mary were marricd for sixty years and they were very happy 
together. 

William, whom Mary always called "Somerville" in her writings, was very proud of 
Mary’s growing skill as a mathematician. He scarched out books at libraries for her. Since 
he was very interested in the correct use of language, he re-copicd her tnanuscripts before 
they were sent to the printer in order to correct any errors in spelling, punctuation and 
grammar. He was not jealous of her fame or her mental brilliance. He was, Mary wrote 
many ycars later, one in ten thousand. 


The First Book 


Lord Henry Brougham, a publisher, realized that an English translation was needed 
of a new and important work on astronomy, written in French. He asked Mary to do the 
work. Because she had never studied at a university and had taught herself, she doubted 
her own ability. 

She told her husband and Lord Brougham, "You must be awarc that the work in 
question never can be popularized, since the student must at least know something of the 
differential and integral calculi, and as a preliminary stcp I should have to prove various 
problems in physical mechanics and astronomy. Besides, La Place (the author) never gives 
diagrams or figures, because thcy are not necessary to persons versed in the Calculus, but 
they would be indispensable in a work such as you wish me to write. Iam afraid I am 
incapable of such a task, but as you both wish it so much, I shall do my very best upon 
condition of secrecy, and that if I fail the manuscript shall be put into the fire." 
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She did not fail and her first book, The Mechanism of the Heavens, was published in 
1831. In the work Mary published her own solutions to difficult problems set by La Place. 
She gave clear accounts of experiments and gave examples. She wrote an introduction 
which was suitable for the ordinary reader. 

The book was an instant success. It was used as a textbook for students at 
Cambridge University which was the center for the study of mathematics in England. 

Professor Peacock, a mathematician from Cambridge, wrote to Mary, "I consider it 
to be a work of the greatest value and importance ... which will contribute greatly to... 
the knowledge of physical astronomy.” 

After this she published three more books: The Connection of the Physical Sciences, 
Physical Geography and Molecular and Microscopic Science. Mary had discovered her 
niche~-spreading knowledge about her beloved subjects. Her books were used by 
mathematicians, scientists and students. They sold well and were important in popularizing 
science. 

This was a time when science was becoming a great influence upon the lives of 
Ordinary people and many people were excited and curious about it. 


Fame 


Mary received many honors, honorary degrees, and medals. A statue of her was 
placed in the Hall of the Royal Socicty in London. In 1834, The Royal Astronomical 
Society named her and Caroline Herschel as its first honorary female members. A new 
sailing ship was called the “Mary Somerville” and 2 copy of her statue was placed on the 
ship’s prow a; a figurehead. 

Because Mary was a woman working in a field where almost no women were to be 
found, she was especially famous. Since she successfully combined marriage, family, 
femininity and a scientific carcer, she helped the cause of other women interested in 
mathematics and science. She accomplished this at a time when women were not even 
admitted to universities. 

As she grew older she continued to be very energetic. She packed every day with 
activity. As long as she lived she rosc carly, studied until early afternoon, then put her 
books away. From then on she took care of her houschold and went out to visit friends. 
Of course she, like everyone of her social class, had servants to make this schedule 
possible. 
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Family Life 


She and William became interested in minerals. They invested their moncy in gems 
Such as rubics, sapphires, topaz and amethysts. In the evenings they liked to take their 
collection out of the cabinet and arrange the gems or just admire them. 

Mary had three daughters. The oldest, a child of unusual talent, died and Mary 
gricved for a long time. The two surviving daughters, Mary and Martha, never married but 
Stayed in their parents’ household. 

In the 1840's when Mary was in her sistics the family moved to Italy. William was ill 
and the doctors advised a warmer climate. Woronzow Greig, Mary’s son by her first 
marriage, continued to live in England with his own family. Mary and Woronzow were 
very close; they often visited and wrote letters back and forth. Woronzow handled Mary's 
legal and publishing affairs. 

As her career progressed, Mary tumed from mathematics to science. She later 
regretted this decision since she believed her greatest gifts were in mathematics. 


A Pet 

All her life Mary loved birds, especially songbirds. A mountain Sparrow was her pet 
for cight years and when Mary sat in bed in the moming, writing and reading, the bird 
would fly in and perch on her arm. 

She had a horror of killing animals, either by hunting or by vivisection--even for 
scientific experiment. After she grew up she petitioned the lawmakers of England and Italy 
to outlaw these practices, which she believed were crucl. When Mary was a very old 


woman she wrote that she belicved that God, in his great mercy, would provide an 
everlasting home for the helpless animals, as well as for human souls. 


Old Age 


Mary Somerville lived to be 92 years of age. By that time few of her friends 
remained alive. 

“I am nearly left alone," she wrote. Indeed, her beloved husband and son had died 
before her. 

Her daughter Martha published her memoirs a couple of years after her death. 
Martha wrote that Mary worked up to the very day she died. She was quite deaf but her 
cyes were good until the end-so good that she could pick out the threads of her 
needlework canvas without using glasses. 


Mary's great happiness was that she never lost the power of her mind nor her 
memory. Even in her ninetics, she could work difficult problems in algebra with the same 
joy and determination she knew as a young girl. 
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MULTIPLES OF 3 AND 5 


Numbers that are common multipics of 3 and 5 are numbers that arc muluples of 3, 
and at the same Ume are multiplies of $. 


The last digit of all numbers that are multiples of 5 is cither five or zero. Any 
number that ends in anything but five or zero fails that test. 


All numbers that are muluples of 3 leave no remainder when divided by 3, and have 
a digital sum that is 3 or 6 or 9. The digital sum test is casy to do. 


Sce page 95 for details. 
AJl numbers that pass both tests are common multipics of 3 and 5, 


Shade these common multiples and you will see Mary on her way to the Ball. 


Mary’s System 


Mary Somerville used a system in her work that would be useful today. If she 
couldn't find the key to unlock a difficult problem she stopped working and tumed instead 
to the piano, her needlework, or a walk out-of-doors. Afterward, she retumed to the 
problem with her mind refreshed and could find the solution. 

If she could not understand a passage in her reading, she would read on for several 
pages. Then, going back, she could often understand what was meant in the part which 
before had been confusing, 

When she was trying to master geometry she worked out problems mentally at night 
in bed, beginning with the simplest problems and proceeding to more complex oncs. 

Her success as a mathematician may have depeaded in part upon these basic habits. 
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ADA LOVELACE 
1815-1852 


Pusty Cot, prsesy Cat, where have you been? 
Ive been #8 fasnadon 10 look at the queen, 
Pussy cat, pussr cat, what did you there? 

I frightened a liule mouse under her chair... 


Whether timid a a litile mouse or couragcous ai a lion, only Ada, in her 17-ycar- 
old heart knew, for she had Jeamed to keep the feelings in her heart sceret, Her mother 
called ber “the young Lioness” when she was presented to the queca in the Landon season 
of 1833. 

Ada wa: On the biink of entering | ic grown-up wortd, for she was meeting King 
William IW and Quoon Adelaide at the Count of Si. Jamics, Her full name was Apguia 
Ada Bytom, and she was thrilled with the splendor of the company and of the Palace stuchf. 
She had altended few partics in the past but in the winter of 1833, the went to many balls 
and dinners, This was her “coming oul season. 

Al these gatherings, for the first time in hes life, the met many important and 
famous people. Many of them were nat only famous, bul they were intelligent, 
accompliched and witty. Ada ycamed to be pant of their group. 


Lord Byron, Her Father 


In a way you could say that Ada had been bom into such a group. Her father, 
George Gendon, Loni Byron, was a poct who was Known and loved throughout the world, 

Lord Byron had come to London when he was a young man. He became known in 
sacicty quickly because of his poctry, which made fun of the great literature and writers of 
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his day. He was also talked about in social gatherings bocause he was a handsowie 47, 
and bocaute be had alfairs wvth many rich and bosutifel women. 

Besides being a playboy. Byron wrote ating Oto of the weaksoncs of Eagian 
sooicty. He attacked oonrupi politicians and their tics, He stood up fot Jactory worker, 
when they tiated booause of tonible working coandaions, 

By700 Nintod, threw away his moacy, ravelod all aver the Contincat and had many 
adventures. Finally, one day, home from his uavels ard ationding GH another party, he 
FACT 2 BLU ATIVE, Very propor young Eaglish woman namod Annabella Milihaake. 

This young woman had beoa brawyhit sp in a comfertable upperdlass English 
country hore, She believed in walues aiich as duty, obadicnce and good works, She wes a 
gified stadcal of mathematics and literature and she had read Byton’s pom, 

Unlikely as i sooms, these two poople fell in Jove. They mamied, bet they did nol 
“settle down,” They moved about trom place ta place, Lord Byron treated Annabella wey 
ciuclly at times and made it dear that he was sorry he had mantiod her, She, a tun, 
prayed for his soul, and pointed out his problems in long-winded spocches, 

Onc year was all the marriage lasted. A week after the birth of thes daushics, Ada, 
husband and wile separsied forever. 

Lady Annabcila went to her parents’ bome with Ada; Lord Byron stormed away to 
Maly, 

Ada! sole daughter of my house and heart? 

When last | saw thy paung bse epes they smiled 

oe WHOM We parted “nO as ROW me Part 

Bud wih a hope... 

Byron wrote this poom about Adia when she was one yoat old. It cxproniad his 
Jonging lo see her but his wish was never fulfitled, Byron died 19 Grecec, fighting in a war 
lor Greek freedam from the Turks, 

“The Separation,” as everyone in English society called it, was gossipped about far 
many years, Lady Byron kept mast of the gossip from reaching Ada’s cars as Ada grow wp, 
But though everything was “hush-huch,” the young gul felt something. When the aces of 
hes father’s death reached the family, when Ada was eight years old, she cried. 

Ada was caught benween the two extreme types of her parents Petsonalitics, "Mais 
conflict took its toll. Although as a child she had been desorbed as cheesful and mbus, 
the suffered a kind of ncrvous altack when the was cight years Old perhaps migraine 
which is brought on by Mess, Again, in her mid-tcens, an attack had frightening 
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comscquonocs. Hor logs boosn. paradyted, and Wi was neatly a yoat bolore she could move 


Ambition 


Ada overcame these Hlnesses and actually wont on to became active a gyutantics, 
dancing and her great love-horsoback riding. Hot lottiors show hes to be a highspusted 
porioa deapite being constantly surrounded by her mother’s advisars, who weye all given 1o 
preaching wi the toonage gud about almost everything. 

Ada had outstanding montal gifts. She loved music and was a promising and 
wersaide macioan che played harp, olin and pinnae, She enjoyed mathematics and loved 
Mechanical things, When ihe was caght and eine ycars old, she conntinvadied and played 
with toy ships and boats. 

Her mathematical interests porsisicd, Whon she was sevesicen and studying 
algebra and astronomy, which she had mostly taught berecil, che wrote playtully to a trond, 
“So this you see is commencement of ‘A Scalimontal Mathematical Correspondence 
berwoen two Young Ladics of Rank’ to be hereinafter published no doubt for the 
edification of womankiad . -. Ever Yours Mathematically.” 

During her “coming oul” scason in London, Ada was looking for echers ta share hes 
great love for mathematics, music, and riding, and acy thing cise thal was in.ccesting and 
new, Most of all, che withod tc moi the famous Min. Somengdic. Mary Samemulic was af 
this time living ia London. She had past publishad The Meohasion of the Heavens oa 
tadhowatical aatronoay. This book was being road with fascinaliog by the educated 
poopie of the day. Ada droamed of booomane a famous mathomatacian he Mrs. 


Babbage and the Difference Engine 


One of the brighten stars of the London scone was Oharics Babbage, an inventor 
who had studied at Cambridge University, Babbage traveled widely and involved himscif 
in many scientific projects. He loved to sce and be seen al the bool partion and balls, At 
ene of these, Ada wai inuoduced to him. She was dclighted, He tented Ada along with 
bet mother to so0 bis pet projeoi, an caity computer. 

This computer project, ia fact, obsessed him, He called if the Difference Engine 
and it had many moving parts. This machine would be able to produce, with awesome 
Speed and accuracy, lables foe ailtronomers and navigators ta wie. Up ta this pout, Uicse 
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tablics could onty be compatiod todsousty by poopie who rauitiptied and dhidod tage 
amounts of numbers. Their aucsracy, of course, was timtod, The Ditfercace Eagine 
addod numbers instoad of multiplying them, and the mont Powerful thing about the 
machine was Ghat #1 could add heaps of numbers culromely Quxidy and acovratcly, The 
tables which wore computed by the Difforence Eagine were badly nooded, bocause 
shipping was England's leading industry. Sa Babbage roccived two grant of moncy from 
ihe goveramont to build bis sxachine. 

Although Babbage was a gonius, he was mol a very good manager. Whon the anoncy 
ten ow! the worimon whose sails be needed to produce all the Eagine’s PISMOR parts 
qo for lack of wages. The project was over cornplciod, 

Whon Ada saw the Differonoc Engine she was cathralled, The cvoting aftct 
Babbage's domonciration to her and her mother, Ada went to the Oucen’s Ball and aguin 
conversed with Babbage, Thus bogan a profesional tic and a ft ieadship which lasted 
throughout her life, 

Ada wanted to work with Babbage and began studying differential oguations so that, 
as she wrote 49 him, “at some future time... my head tay be made by you subscmiont to 
some of your purposcs and plans.” Bur i1 was 10 be some Lime before she would began 
working with Babbage. 

Meanwhile, Ada stole about her work to another well-known mathocastician, 
Axgastas DeMorgan, DeMangan was a kind of tutor ta her. 

Onc time he arote ta Ada’s mother, Lady Byron: 

4 feed bound to til you thar... (Ada’s) power of Pandang on these maser... 

has been someting 10 wnery cua of the common wey flor any Depinnet, man or 

woman (thal)... iad any young beginner, about 10 ¢0 to Cambridge, shown 

the same power, I should have praphesied (that he would hecome)... Gn 

orginal mathematical investigator, perhaps of Arsteate eminence, 

Romance 

Finally, Ada was able to racet her heroine, Mri, Somerville. The oldcs woman 
boosie very fond of Ada. Ada was imited to attend oonocita and plays aad oven to stay 
overnight with the Somen@ies. Woronnow Greig, Mis. Somenitiic’s san by box finst 
murtiage, and her wo daughiors, Matha and Mary, made wp their group. 

One day a Cambridge friend of Warentan’s, whose name was Lord William hing, 
«aac fa call. 


me 5 


r) 
ERIC 


Al this tame Ada was a tively young womas who flocked lke hot headuume bahor. 
She had “Yarge, cxpresuive eyes and desk opting hai," 

Lord Ring toil 49 love with Ada and she wath bin, They bocamc cAgaged ta be 
mainiod. Eleven ycars oldor thas Ada, and of a scrious nature, he wrote Jove domtiors thea 
were fall of tonder footing. Lang cagagomonts wore nat in style and the mwa wore auichty 
mattiod, Ada was pinotoon yoats old and hot husband was chirty, 


Home and Family 
shiow, 


Theat fire chad, Byron, was bars a year later. The followang yout a daus 
Annabelle, was hora, and soon after, a thard bald, Ralph, came atta ine wold, From thon 
on, Ada’s bealth was ncvot good for foag. The symptoms of thyvidtiane dlmoss Chat she had 
chown as 4 young £iieemploms thal wore beyond the skill and understanding of the 
doctors of her day-now shuwed up again, She had digestive trowble and develaped kidacy 
discase as well as heart: vhle and antma, Botwoon these attacks, however, Ads fet 
Oplimistic and contin. + search for ways ta pursue her mathomaties carecs, 

Asahome mana ., © 4a was nol successful, She loved hor childron, but hated che 
snlciruptions they caused a9 nor wank, Aishougd she and hor byshand wore aristoorats, aad 
much of the tite they kop! servants, futars, and govornesses, they were nol wealthy, and 
sometimes daytonday dutics toll ta Ada. So cagor was she to rid herself of these damestac 
shoves and eaxke time for hor easthomsicel work chet dhe hossod her Baawhar, who wigs 
aways iady Lo ake evel, ta lake the childiza otf hes Rands, 

Thice years attct thet mariage, Lord Kang snhonded anothes title, Me hocame 
Eat of Lovilawe and Ada bocume the Coutons ot Lovelace, Although whis titi Sstonight 
thom mo mute moncy, Lord Lovelace was given 9 place in the House of Lords in 
Paslament, 


The Analytical Engine 


Babbage was working on plans for a fat more éomplek miachise whach he eatied the 
Anaitical Engine, Indeed, the large-scale elootronie digdal compuich of owt oma coalury 
Copy the logecal arvoture of Babbage’s Analytical Lagine, which he tboeagit tap ba tine 
IBH0"s. 

Adda’s enthusiases for this computer matched Bablase’s. Anothes adenines af 
Habinage’s, L. PF, Monabrea, wrote as atte in Froach desuyitens the Analutiscad Bagine aad 
Hs premciplos of operation. Saace Habbage had mot written ated bis aiauthien, ths wor 
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filled a real need, Ada translated Menabrea's article into English and, in the process, 
expanded the contents in important ways. Her notes, three times the length of the original 
article, set down in concrete terms the powers and limitations of the machine, 


A Published Work 


The work was published, and Babbage proudly distributed copies to the leading 
scientists of the time. He was tremendously impressed with Ada’s paper, and asked her 
why she had not written a separate original article on the subject. She replied that the 
thought had not occurred to her. To do such a thing seemed out of the question, In fact, 
even signing her own work brought her great anxiety. 

Although her paper was clearly the work of an expert, it was also the work of a 
woman and a woman of rank at that. For such a woman to publish a scientific article was 
highly unusual. It was even more unusual when the area in question was such an 
"unfeminine" one as mathematical computation. After much indecision, Ada signed her 
paper "A.A.L.", using her initials only. It was many years before the author's identity was 
commonly known. 

Babbage proposed using punched cards for putting data into the Analytical Engine. 
This was similar to the clever method invented by J, M. Jacquard, who used purched cards 
to control the sequence of threads in a loom in order to weave fabulous fabric designs. 

Ada saw an equal beauty in the Analytical Engine, and she wrote: "We may see 
most aptly that the Analytical Engine weaves algebraical patterns just as the Jacquard loom 
weaves flowers and Icaves." 

Ada’s paper provided the public with the best account of the machine, an account 
which Babbage saw was far clearer than he himself could possibly have Jone. As it tured 
out, this paper was the summit of Ada’s career. No one knew why she never went on. Her 
health was bad, and somchow she could not focus her attention on intellectual problems. 


Musical Ambitions 


She wrote to Woronzow Greig: "I am not dropping the thread of science, 
Mathematics, etc. These may still be my ultimate vocation. .. Although it is likely to have 
a formidable rival ... musical composition.” 

Ada was a& promising musician. In her paper on the Analytical Engine, she 
suggested that the computer might be used to compose music, "if," she wrote, "the 
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fundamental relations of pitched sounds in the science of harmony and musical 
composition were susceptible of sufficiently precise formulation,” 
Ada predicted computer music a whole century before it was actually produced! 


Health and Money Troubles 


But she was really not well enough to work at either musie or mathematies, She 
wrote to Waronzow;: 

There is in my nervous system such a want of all ballast and steadiness... And 1 

aii just the person to drop off some fir’ day when nobody... expects it... Do 

not fancy me ill, Jam apparently very well at present. But there are seeds of 

destruction within me. This J know, 

Ada swung between feelings of doom and exuberant joy and optimism. Her 
husband was different. The life of this ordinary mortal was wrapped up inthe management 
of his estates, Developing and maintaining them was an expensive matter, and Lord 
Lovelace was not generous with money for other things. 

He gave Ada 300 pounds yearly (or what would today be $840). This amount was 
part of her marriage settlement, a substantial 16,000 pounds (about $45,000). The entire 
sum was placed in a trust for her and would come into her hands only upon the death of 
her mother, Lady Byron. A much larger fortune, the bulk of her mother's large estate, 
would go directly to her husband, Lord Lovelace, according to the inheritance laws of the 
time. 

As the only child of a very rich woman, Ada resented the small amount she was 
expected to live on. Her husband, she pointed out, would reecive 7000 pounds per year--a 
Sum, she wrote, "he is to enjoy to my exclusion!” Ada, it turned oul, had reason to be 
concerned about moncy. 


Playing the Horses 


Perhaps Ada's greatest love was horses. When she was seventeen, she tried to avoid 
going on a vacation to Brighton resort because she had just got a new horse named 
"Sylph," and she so much wanted to ride instead. Lord King was an excellent rider, and the 
two of them loved to ride together. 

Ada's passion for horses was now combined with another passion--gambling. Ada 
was a compulsive gambler; she could not quit once she started. She began to bet larger and 
larger amounts of moncy on horse races. She lost heavily. Part of the problem was her 
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pride in her mathematical genius. She kept working on new formulas to help her figure the 
odds and pick a winner. It was common gossip that she and Babbage were fellow 
conspirators in choosing horses to bet on. 

Since Ada had no control over the family purse strings and her husband did not 
approve of hes large-scale gambling, Ada turned to “shady” moncy lendem to help meet 
her debis. These people blackmailed her, probably with the threat of telling hes mother-- 
her do-good, sin-hating mother, 

Desperate far money, Ada pawned the family diamonds--not once but twice. Yet 
the debts kept piling up. 


Tragedy’s Path 


Bad luck seemed to attract more bad luck, and ’ 1a’s illnesses returned with 
renewed force. She began to bleed intemally. A tumo: was found in her uterus, Cancer! 
And the doctors of the day knew of no cure. 

Ada was crushed though she did not give up hope. Between bouts of intense pain, 
her spirit showed itself again and again. She had her bed moved near her beloved piano, 
and cach day she played. Sometimes she played ducts with Annabelle, her daughter, who 
was now fifteen years old. 

Ada’'s mother moved into the Lovelace home, and from that time onward, visitors 
were not permitted to sce Ada. Now, Ada could not leave her bed, Babbage in particular 
was kept away. Ada’s mother felt bitter that it was his maid who had carried Ada's bets to 
the bookmakers, 

Ada herself never lost her affection for Babbage. Lord Lovelace wrote in his 
journal cleven months before her death: “Babbage was a constant intellectual companion 
and she ever found in him a match for her powerful understanding, their constant 
philosophical discussions begetting only an increased esteem and mutual liking.” 


The Final Resolution 


Now, of course, Lady Byron knew all. Ada’s gambling losses could no longer be 
kept sccret. Lady Byron paid out 5000 pounds ($14,000) to cover her daughter's Josses. 

Daily, Lord Lovelace struggled with his grief and with Ada's ereditors, who came for 
their moncy~to the house where she lay dying. Ada's agony stretched out for nearly four 
months while her helpless family waited. Finally, two weeks before her 37th birthday, Ada 
died. 
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“By her own wish," a desecndant wrote, “they earsied her to the old Newstead 
country, and laid her by the father whony she had never Known.” 


Ada's Influence 


In the short years she lived, Ada Lovelace distinguished hemelf as a mathematician, 
and has even been called the inventor of computer programming, She used her pifts 
against tremendous obstaces and shawed a spirit that would not be crushed. 

As to Babbage and the influence of his Analytical Engine, his biographers wrote, 
“The Analytical Engine was never built, though Charles Babbage lived nearly another wo 
decades... The Menabrea/Lovelace paper remains as the sole witness of the power and 
scope of the ideas of Babbage's Analytical Engine... these ideas... lay dormant for 
another century.” 

In a similar way, the Lovelace paper remains the sole witness of the power and 
scape of Ada Lovelace's special genius. Now, a century later, we marvel at her early 
contribution to the machines of our own day. 


2 = 30 


TRIANGULAR NUMBERS 


The trlangular numbers are the sums of the counting numbers 1,3, 3, 4,... (See 
page 11}, Pascal Triangle, for more about these numbers.) 

Complete the first 20 uiangular numbers listed below, 

To calculate the numbers, use the information that Tz = N+ Ty, where Ta = neal 
tangular number; N = first (1), seeand (2), third (3), ete. counting Aumber; Ty = previous 
triangular number, 


Triangular 
Numbers 


3 
3 
4 
6 
6 
? 
6 
9 


Use this list of triangular numbers (T2) to complete the portrait of Ada Lovelace on 
page 20 
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A BIT OF BASIC 


Many people consider Ada Lavelace ta be the first person to describe what is now 
known as computer programming. A new programming language has bees named after 
her, The language is called ADA, It was developed by the United States Department of 
Defense (DOD), The DOD hopes ADA will be adopted as a universal programming 
language. They hope it will replace the babble of languages new being used, and will make 
sharing programs much simplez. 

BASIC is a language that is very popular naw. Mast micracomputers understand a 
version of BASIC, However, even this simple language is slightly different from computer 
to computer, 

The following activity explores a few simple statements in HASIC, ‘To do this 
activity, you need to have access to one of four popular microcomputers: APPLE, TRS-80 
(Radio Shack), ATARI of PET (Commoadare). This activity will introduced a program that 
warks on cach of these machines. 


You nced to Jearm three commands: NEW, LIST, RUN. 

These commands speak dircetly to the computer, 

You need to know three statements, or words: PRINT, GOTO, END. 
These <tatements are part of the program and require line numbers. 


First turn on the machine, 
APPLE: Switch in back, left. (If you have a disk drive 
connected to your Apple you may necd to press 
RESET to get the dise drive to stop whiting) 
TRS-80:; Switch in back, right. 
ATARI: Switch on right side. 
PET: Switch in back, left. 


NEW and LIST 


Type NEW and then hit RETURN. NEW tells the computer to dear its memory. 
Hitting RETURN is very imponant to remember, and often hard for the new user to 
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semember, Hitting RETURN tells the computes you have completed your part, and it is 
ihe cumputes’s turn ta da ils part. 

Neat, ype LAST (and bi ETON), LIST fells the computer ta shaw what ia in 
memory, Ifthe row command worked property, the LIST command will naw chow a Mank 
screen, 

PRINT, GOTO, and END 

Vou ate now teady lo wiile 4 program. 

To write a program you will necd to write LINE NUMBERS, Any numbers will do, 
as tong aa they are in acquenee. However, it is good practice to leave gaps beIween 
nunibers in case more lines need to be added later, 

Fos example, line numbers could be 10, 30, 30, ., af 100, 200, 300, .. of 140, 120), 
130, .. 

It would be a poor idea to number tines 10, 11, 12 .. of 10), 102, 103, ete. 

The PRINT statement will eause any string of letters, enclosed by quotation marks, 
to be printed on the screen. 

The PRINT statement can end with no punctuation mark, a comma, or a semi-colon, 
Later, we will soe the different ways the sercen will loak when you use any of these, 

The GOTO statement docs what you have probably gucssed it does, 1 is always 
followed by a line numbes, and it tells the program to jump to that line number and 
pesforn the statement at that number, 


The END watement tclls the computes that the program has ended, 


Type the following program exacily as you sce it. 
Don’t forget the quotation marks. 

Dan’t forget the semi-colon. 

Don’t forget the line numbers. 

Don't forget to hit RETURN at the end of each linc. 


10 PRINT “TEASE™*: (bit RETURN) 


«9 GOTO 10 
30 END 
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When you have completed the typing, type LIST (and hit RETURN). 
Does the sereen echo what you have typed? 
If you see a mistake, retype the line, including ihe number. 


STOP: CTRL C and BREAK 


Hefore you type RUN to exceute the program you had betes kianw how to STOP 
the program, Ty STOP the program: 
APPLES hype CTRL C, (Hald down the cantesl key as you 
type C. Dhis bution works like the shift key en 


the typewriter.) 

TRS-80; Hit BREAK 

ATARE Hit BREAK 

PET: Hit RUN/STOP key 

RUN 

Now type RUN and watch the screen fill, Wewl!! 
Stop the program. 
Type LST, 


Retype Line 10, This time Jeave out the semi-colon. 
Run the program again. How docs the sereen look now? 


STOP the program. Type LAST, 

Retype Line 10 again. This time put a comma at the end of Linc 10, 

Run the program. Hew does it look now? 

STOP the program, Type LIST. 

Retype Line 10 again, This time put the semi-colon at the end of the line again. 
Run the program. 


You can fill the sereen with attractive designs using the PRINT command, as you 
did in this program. 

When you use the semi-colon in your PRINT statement, sometimes your message is 
printed in ncat columns, sometimes it is printed in diagonals that set the entire screen in 
MOON. 
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Can you predict when ealunins will appear: when diagonals will appear? Meee ts a 
hint! ach computer has room for a different pumbes of eytibels acguss its epee, 
API LE: 40 enlunins wide 
TRS- Bo: GA eolunins wide (Model } ar 4) 
ATARL: 36 Oolunins wide 
PET: 40 columns wide 

When the number of letters and spaces inside the quotes of the PRINT statement is 
4 milliple of the number of smibols across the screen, the sarcen will fill with colunins. 
When the number is nota multiple, the screen will fill with moving diagonals, 

For cxample, Apple's display is 40 columns wide. Print “CANDY* will fill the 
scicen with B columns of CAND Ys since CANDY had 5 letters and 5 times 8 is 40, Wane 
OF Pwo spaces are added afler CANDY, the sercen will fill with a moving diagonal display 
since 6 and 7 are not multiples of 40, Try it and sce. 

Try running your program again using different lines 10, (Remember to copy them 
exactly as you see them. Do you remember how ta RUN and STOP your progtam?) 


10 PRINT “TEASE”; 
10 PRINT °* TEASE"; 
10 PRINT “*TEASE**"; 


Add an extea line; far example 18 PRINT “POP**; 
See haw the program mens now, 


Change the punctuation, 

Try your name. 

Try your friend’s name, 

Print any patierns of letters or wards of symbols berween the quotes, 


The GOTO statement cxplained on pape 32 makes the computer run the PRINT 
Statement continuously, of unul the program is lopped from outside, When a statement 
makes a program go round and sound in this way, we say the program is in an infinite loop. 
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Ase you feady fo ty a program that is slightly more complicated? Here a a 
Progam like Uke one you have just done, byt here you tell the computer exactly how tsany 
lines you want it to Fun the PRINT ttatescal, 


FOR/NEXT LOOPS 


Me FORJNENT statement controls the sumbes of tintcs the PRINT stalemest ail 
be Fun. 

Tie FORUNEST uateaiit is 7 lines cong aad & “sandwiched” araund the statement 
of statements that are to be repeated, 


10 FOR N = 1 TO 100 
29 PRINT “TEASE; 
30 NEXT N 
40 END 
Rua the program, 
Lines $0 and 30 ase the “tread.” Line 20 is the “filling.* 
Line 10 tells how many limes the “filling” will be repeated, 
Line 20 is the “filling.” 
Line 30 moves the countes in line 10 along fram J to 100, 
When the counter shows the PRINT statement has been run 100 times, the progeam 
drops to Line 40, and ENDs, 


Play around with this program. 

N can be any better, Try it. 

Change the leties and the number in line 10 to .. FOR N = 9 to 100... 

Try a different message in Line 20. 

Try the message with and without a eamma; with and without a scmi-colon. 
Remember to hit RETURN after you complcie a line of when you hype a command 


» to uke computer. 
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Play around with theese ooenaiaads, 


Ga ta a book Hore of » computes Hare and find 6 hack you like that will teach you 
more about BASIC, 


Ada Laveloce would be proud of you! 
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SONYA KOVALEVSKAYA 
1850-1891 


Rosya Rovaleskay's was born is Russia af Polibina, a large estate aa Videtk fn 
winter, wotves howled apaund Hic estates, and desp maow buried the toad fa 54. Petersburg, 
ihe pcarest large exty. Pine foreats protected the large bounce trom the winds thal blow ores 
miles of plain, 

tadoors, the fantily lived in a private world, Head of the houschold way Gencial 
Kivkovky, Soaya’s father, Her mothe was teach younges thas the Goncral; she fiked ta 
icad aovels, to paint and play the piana, Anita, Sumya’s sintes, was ste year oldict, and 

hedya, ber brothes, waa three years yonnges, 


A Strict Schooling 


From the ime Sonya was five scan old unt phe wos fecive, she had only ose 
teacher, an Ealick govemers, Thin woman did pat undeniand Soma’. pamsonate Ransian 
nature, She uted to prosa Sapya into a mald tabcied “prapes English miss" a mold that 
would produce a young woman who played the piano, had porfeat manners in company, 
and wai neat, lidy and prompt. She would mol lol Semya read romantic novels and poctry 
as she loved to da, and the urged long wistcs walks of bes, to improve ovoulataon! Sonya 
estaped this torture only whos the lomperature fell below 10 degrees. 

The governess held total power ever young Sonya’s life. Her father fot d wae Bot 
his place to emake docusons about Somya’s odecation, and hor mother was not strome 
cnough 9 £0 agains the poverncay’ rules, Sonya felt hor paronts did nol restly care about 
hes, 
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Naywe Sid asic, Che PON fa Whots she showed fica atic rtinke The add was fica 
FEE Tage pikes, Astute Phogsuse Asda anid the powedness Aénpined ace sition tity Taye aad 
40 sheak wWhea che mated ta gee fied gisdes 

The Rishowsty Bicacine wars agate hatge, som coe tide tam ay creeped BM a pat nif 
the foil ¥ Sortya" $ Redhaeg Lived is ther dad tued scted ahd snag tyved eenAscaas an the 
Es sys] Sepa PT CHES, 4 F eee and his Sato fired bi, & Se predate vprtaits Marg, gerd Sac MEVe o aud facd 
Goveraast Leed oa tle groaad Baa 


Studying the Wallpaper 


All of the paces were decorated with faricy nikpodted wadlpaned Cindy ce was deft 
wnfinished, ba thy room the pore wellpage fat coud, and old Pageds Were mined ta 
toves the wads, Those pager wore leaiane tates which the Cetiedad wsed #9 his chactont 
days. The siabige dd Was dificsretiad and imicgiad daddudusy Soma was alone a gitat deal, amd 
the ated he pctt bey tating af the nigeagcies a the fopuds Voare dates, she tuadied 
Saloutus a 82, Fetcsboas Bee cacagtet om aa quickly bed toacthcs eeenaried that she send 
have kaowy the sybjoot afl hot tite, laa wey she had 

Sobys was a bilan studom. Attra tor goveriess icf, she Laagal horned pbysace 
Bet in ardes ta du this, she found she wold aced ta Icate Uiyamometsy. Sa she tacugtl 
herscif! 

A fiend of the family was a physicist. Onc titac, visiting the Krokovskys, he 
qucsiiontd Sonya about het studies, Whos he feared whit she was aching, he wont ta 
the Goncial and convinond him that Sonya must be allowed to study eathomatiyn an St 
Petortuse The General finally consented, 


The World Outside 


Sopya wai growing up al a time off groal soci aud paldtical upheaval an Russia bn 
ihel, Ceat Alexander 13 pave the sors their frondom. Ideas about oquality fot all aproad 
even fo the Gouatryta the estate at Palihina. 

A young naa from the nearest wllage strack up a Broads ship wath Amutta, be tad 
boon biing 60 Sk. Potorsberg and learned the mow paluacsl adcas. He broughl tasaizancs 
and yourmads that told of the tragele for troodom trom bsnrcs, poverty and harws gaic al 
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over Europe. They told of the serfs’ desire for equality, of women’s desire for higher 
education, and the people's desire for political power. 

Many sons and daughters of the aristocracy, like Sonya and Aniuta, criticized the 
old-fashioned ideas of their parents. They were just beginning to understand that they 
could not continue their comfortable traditions—marrying carly and settling into their role 
as upperclass landowners. 


A Wild Plan 


Aniuta, Sonya’s sister, was now a grown-up young woman, longing to be free of her 
father’s strict rules. Yet she was stuck at Palibino. She asked her father if she could study 
at the University of St. Petersburg and her father said no. 

At this point, around 1860, the University had just opened classes to women, 
although women could not earn degrees. A couple of years later, when students protested 
in order to gain morc liberties, the University closed. When it reopened, women were no 
longer permitted to attend classes there, nor anywhere else in Russia. 

Sonya, like Aniuta, wanted to leave home. She wanted to study science ata 
university. Wherever Aniuta went, Sonya decided, she would follow. 

Together with Sonya and a friend, Aniuta devised a wild plan. The young women 
would ask a young man who shared their political belicfs to marry one of them! Such a 
marriage would set them free. Once they were married, the couple, plus their friends, 
would set off to study at a university in Germany or Switzerland. In these countries, 
women had a better chance of being admitted to universities. 

Such a marriage, it was understood, would be in name only. After their arrival in 
the foreign city the husband and wife would live apart. 

The first young man they tried to interest in their plan tumed them down. But one 
more “no" did not discourage these three. Next, they tried a promising student of geology. 
His name was Vladimir Kovalevsky. This young man said "yes." 

There was one problem: he wished to marry Sonya, the youngest. He wrote to his 
brother, "Despite her eighteen years the Sparrow (Sonya’s nickname) is extremely well- 
educated. She speaks forcign languages as fluently as her own. She studies mainly 
mathematics, is now tackling spheric(al) trigonometry and integrals. She is as busy as a bee 
from morning till night and still is lively, sweet, and very pretty.” 


es -41- 4] 


O_ 
ERIC 


To this bold marriage proposal the General said, “No™! It was unheard of that a 
younger sister marry before the older. But Sonya had seen her chance to escape and follow 
her dream of getting a higher education. 

Sheer desperation gave her the courage to do what she did next. She, who was 
never allowed outside her home unchaperoned, slipped away to join Vladimir in his 
apartment in the nearby village. According to the rules of the society in which they lived, 
such behavior was equal to cloping. She left a note for her father, telling him where she 
was going and why. He followed her there. As she had hoped, her father now allowed 
their engagement. 

Sonya and Vladimir were married with her family’s blessing, and within six months, 
the couple was living in Germany. 


Higher Education 


During the two ycars spent at Heidelberg, Germany, Sonya's closest friend was Julia 
Lermontov, a student of chemistry. Lermontov later wrote about Sonya during these years: 
"She was just eighteen but looked much younger. Small, slender, with a round face and 
short curly chestnut hair, she had very mobile features. Her eyes, especially, were 
exceedingly expressive--sometimes bright and dancing, sometimes dreamy and full of 
melancholy... a mixture of childish innocence and deep thought... She took no pains 
about her personal appearance or dress .. . a trait which remained with her to the last." 

According to plan, Sonya became a student in mathematics at the university, and 
began her climb to fame and honor and, along the way, to tragedy and heartbreak. 

Sonya was a daring idealist who was concerned with bettering human life. She also 
loved socicty and its honors. In the other side of her life, she was a lonely scholar living for 
her work, avoiding other people who would bring desires and disappointments. 

Sonya always felt a hunger for love. Her own life, she believed, was terribly lacking 
when she observed the lives of her friends. As in her childhood, she now felt she was 
somchow outside circles of love. 

Sonya moved to Berlin in order to work under the famous mathe‘ma‘ti'cian, Karl 
Weierstrasse. Here she spent four years, finally receiving her degree in mathematics from 
the University of Gottingen in 1874. 

She worked during this period in almost absolute solitude, often sitting for hours in 
her room trying to solve problems. When she succeeded, she would rise from her desk and 
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pace the floor talking to herself, walking faster and faster, laughing and finally breaking 
into a runt 

The calm satisfaction of a Mary Somerville she did not have. Rather, Sonya was 
nervous and withdrawn. She saw no one for days. She went neither to parties nor dinners. 

Vladimir, her husband, also lived in Berlin during this period. When he visited 
Sonya, they would go for long walks. This was her only recreation. 

Sonya frequently went back to Russia. From there she once wrote, “I feel released 
from the prison in which my best thoughts were in bondage. You cannot think what 
suffering it is to have to speak always forcign languages to your friends. You might as well 
wear a mask on your face.” 


Married Life 


After five years of a marriage that was a mere business arrangement, Sonya and 
Vladimir became lovers. Truc to her passionate temperament, Sonya threw herself into 
marricd life, hoping the marriage would succeed as a love match. She also hoped it would 
produce the happy family life she longed for. 

A daughter was born who was also named Sonya. But she was known by her 
nickname, Fouzi. Sonya put aside all of her studies to for lite Fouzi and to promote 
her husband's scientific work. She yearned to be a typi ife and mother. But she was 
not typical. When Vladimir, a lecturer in geology at the University of Moscow, began to 
lose interest in science, Sonya wrote his lectures for him/ Instead of attending to his job, 
Vladimir plunged into business schemes. They failed, one after another. 

Sonya believed she had the power to see the future. One night, she had a nightmare 
that a grinning monster was stamping Vladimir bencath its feet. She was terribly 
frightened. Later, she realized that the dream monster was Vladimir's businass partner. 
This man cheated Vladimir out of a large sum of moncy. Through his persuasion all the 
family money, including Sonya's small inheritance from her father, was invested in Russian 
oil refineries. The refining company was later accused of fraud, and Viadimir was 
threatened with a lawsuit. While this was happening, the partner convinced Sonya that 
Viadimir was in love with another woman. 

Sonya felt rejected. She left Russia with her daughter and returned to Berlin. 
There, in a hopeless state of mind, she threw herself once again into mathematics. 
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Vladimir committed suicide. Sonya was just thirty-two years old, and already a 
widow. The death of her husband was a great blow. She never stopped fecling somehow 
responsible for his sad end. 


Professor Sonya 


In the next ten years, Sonya came into her own. She became a respected 
mathematician. Her teacher, Weierstrasse, inoduced her to Gosta Mittag-Leffler, a 
Swede, who took up her cause. Mittag-LefMler got her a job as mathematics professor at 
the University of Stockholm in Sweden. This was a tremendous step forward for Sonya, 
and for women of science! 

The first year, many partics and balls were given in her honor. Swedish pirl babies 
were named “Sonya” after her. After all, she was the only woman professor in the country! 

But Sonya had cnemics as well as admirers. A famous Swedish writer, August 
Strindberg, wrote a scomful article about her appointment. 

Sonya repeated what he wrote in a letter toa friend. “She proves, as decidedly as 
that two and two make four, what a monstrosity a woman professor of mathematics is, and 
how unnecessary, injurious and out of place she is." 

Nevertheless her carcer went so well that she was given a five-year contract in 1884 
and asked to become a professor of mechanics, a branch of physics. When she accepted 
this second job, she joked, “Now I have become a professor squared!” 

Mittag-Leffler’s sister, Anna Carlotta, a well-known writer, became good friends 
with Sonya. Sonya now began a second career as a writer. Her themes were mainly about 
her childhood in Russia, 

Both women were feminists and held high hopes for the future of women in the 
world. The “woman issue,” as it was called in Sweden, was a subject of hot debate at that 
ume. 

The two women began to work on a drama in two parts, called “The Struggle for 
Happiness: How It Was, How It Might Have Been.” Sonya was so excited about this work 
that she gave up mathematics for a time. She and Anna Carlotta dreamed about traveling 
to Germany and France to meet literary and theatrical stars and prepare for their coming 
fame. 

They promised to write each other's biographies. With that in mind, they both 
began saving Ictters and documents. 
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It wasn't long, however, before Stockholm began to scem like a boring country town 
to Sonya, and one that was desperately cold in winter to bool. Sonya longed to live ina 
dazzling world capital like Paris. But she needed a job, and women mathematicians were 
not wanted in many universities—in almost none in fact. Rarely were women allowed to be 
Students, much less paid teachers. Sweden was the only country in Europe, except for Italy, 
where there were women professors in any subject. 

Sonya tried again to find work in Russia. After years of being ignored in her native 
county, she was made an Associate of the Russian National Academy of Sciences. So, 
with hopes high, she visited her homeland. 

There, she heard of a job teaching mathematics in a girls’ high school. When she 
inquired about it, the Minister of Education told her the position was too inferior far 
someonc of her importance. More likely, she was turned down for two other reasons: the 
first, because she was a woman; second, because as a teenager she had worked with Aniuta 
and other students who wished to upset the Czar’s government. Back to Stockholm Sonya 
went 

Now, almost as soon as one disappointment occurred, another followed~too fast to 
lessen the shock. Sonya was carried along, from grief to despair to death. 

Her book, Suruggle for Happiness, failed in Sweden. Her beloved sister Aniuta, 
whom she had called her “spiritual mothcr," died after a long and painful illness. Sonya 
buried herself once more in mathematics. 


Prix Bordin 


Sonya decided to campete for the greatest mathematics prize of the time, the Prix 
Bordin, offered by the Paris Academy of Sciences. All during the summer of 1888, Sonya 
worked on the problem she had set herself, staying up all night many umes. The title of 
her rescarch was “The Problem of the Rotation of a Solid Body About a Fixed Point." The 
subject was the form of Satum's rings. 

Mathematicians ty to write equations that will describe certain situations that occur 
in nature, such as the rotation of the earth around the sun. Some of Sonya’s most 
important work involved the study of the shape and behavior of Saturn’s rings. This is 
particularly umely today, for at this very time scientists and non-scientists alike are holding 
their breath with excitement as Voyager I rushes past Satur. Photographs are being 
broadcast which will confirm Sonya’s research or add new puzzics. 
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Before Sonya’s work scientists had considered the shape of Saturn's rings to form an 
ellipse. An ellipse is a special oval shape that has two axes of symmetry. 
vel Syewnetric BKie 


DME eymenetric ante 


An axis of symmetry is a line across which you can imzzine folding an object and 
fitting it perfectly on the opposite side. 

Sonya proved that the cross-section of the Satum ring must be egg-shaped. Such a 
shape, like a lengthwise slice of egg, is symmetric along only onc axis instead of two. 


Notice that if you fold the figure horizontally, the two parts are exactly the same. 
But if you try to fold the figure on a vertical axis, the two parts won't fit. 

Sonya’s conclusions about Satum’s rings may or may not be confirmed by the 
pictures sent back from Voyager L. But the work she did still stands. 


A Great Prize 


After putting out emendous energy on her research on Satum’s rings, Sonya 
submitted her work to the Paris Academy of Sciences. On Christmas Eve, 1588, she was 
named the winner of the great prize! Along with it, she received 5000 francs, an increase 
of 2000 francs over the usual amount, because her work had solved a problem that was 1: 
important to the mathematics of that time. 
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A Love Affair 


During this same year, 1888, Sonya fell in love. The man’s name was Maxim 
Kovaleviky. She called him “Fat Maxim” in tones of proud affection. 

Maxim was a Russian lawyer who was fired from the University of Moscow in 
Russia because be criticized Russian constitutional law. This was like criticizing the Czar 
himself, Nejthex he nor Sonya could go back to Russia and make a living, 

Sonya and Maxim had many fights. She was jealous and possessive, and she went 
from love Lo anger, and back again, over and over. Maxim taught al universities mainly in 
France and often he iefi Sonya. When they were apart, Sonya felt utterly abandonod. 
Maxim tumed up faithfully when she received the Prix Bordin in Paris. 

Even while the was being honored in Paris, she was very unhappy because of her 
love troubles. 

She wrote a friend, “Letters of congratulation are pouring in from all aides, but... 1 
am as miscrable as 3 dog. No; J hope, for their sake, that dogs cannot be as unhappy as 
human creatures, especially as women.” 

A cenple of yeas passed, and again it was the middle of along, harsh winter, For 
the Christmas vacation, Sonya went with Maxim to Napics. There, escaping from her bleak 
life in Stockholm, she spent many happy weeks with Maxim in the sunny aumosphere of 
Italy. She wrote to ber daughter that the view from their veranda showed a garden 
“Blooming with roses, camellias and violets, and oranges ripening on the ices.” 

At the end of the vacation, the couple separated and Sonya was alone on the tains 
going nomth. The weather was cold and rainy and she caught cold. 

The end was swift: from cold to inflammation of the lungs to pneumonia. In three 
days, she was dead, She was only forty-one years old. The evening dcfore she died she 
said, “I feel as if a great change has come over me.” Face to face with death, she was 
suddenly at peace. 

The brother of Gosta Mittag-Leffler wrote a poem about Sonya, He called her the 
“Muse of the Heavens." He wrote: 


While Satum’s rings still shine, 
While mortals breathe, 
The world will ever remember your name. 


We do indeed remember her name today. 
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PRIME NUMBERS 


Shade all prime sumbers to conspiete the picture of Sonya Kovalevskaya on page 38. 


For this activity it is convenient to have a list of prime numbers handy. Ifyou don't 
have such a list, try the following activity. 11 is called the Sieve of Erosthenes, after the 
Greek mathematician who supposedly made up the idea. 

Make the following modifications to the number grid on page 49 

@ Draw a square around [1]. Then remembers that } is not a prime number. 

@ Draw a circle around@). Two is the first prime number. Two is also the only 
even prime number, 

@ Now draw a horizontal line (—) through all multiples of 2. This will be all the 
other even numbers. 

© Draw a cirde around@), the next number that has not already been crossed out. 

@ Now draw a vertical line ( | ) through all multiples of 3. 


Notice the numbers crossed out with both vertical and horizontal lines, These are 
the common muluples of 2 and 3. These are also the multiples of 6. 

e Draw a circle asound(5), the next number that has not yet been crossed out. Now 
draw a diagonal line ( -— ) through all muluples of 5. 

@ Next draw a cirde around), the next number that has not previously been 
crossed oul. 

@ Drow a diagonal line going the other way ( ~) through all muluples of 7, (You 
are just about donc.) 

@ Go through the grid and draw a citde around every number that has not yet been 
crossed out. 
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These cirded numbers are all the prime numbers benween 0 and 100. Keep this 
page handy. AISI the prime numbers you will need to shade are cirded here. 


Lend 
oO 


SSSSSERB 


8 
18 
28 
38 
48 
58 
68 
78 
98 
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MARY EVERETT BOOLE 
1832-1916 


The two children crouched down in the soft momitg rain. The gitl poked under a 
tcaf with a stick. The boy, smaller than she, pushed aside some wild grass. 

“Regardez™ the bay exclaimed, “un papillon.” (Look! A buttesfy.) 

its wing was tom. The girl carefully carried the creature inside the house. Taking 
tuins, Uncy blew on it to warm it 

Mary and her brother George often nursed insects that had been hurt by the frost or 
rain, Then they kept them for “pets.” These and an occasional lout dog were ihe only pets 
the children were allowed to have. 

Their father, Thomas Everest, a minister, was seriously ill. He was under the care 
of a famous doctor named Samuel Hahnemann. Though Mary and George had been born 
in England, they moved (o the small village of Poissy in France when Mary was five and 
George was two years old. 

Dr. Ewerest’s cure took six yoars. Life was lonely for the children in Potiy. They 
belonged to an English minister’s houschold while creryone elie in the town was a French 
Catholic, Also, the Everests did not approve of French politics of that time. The laws of 
the French monarchy were harsh toward the poopie. Theis father’s dlncss worried both of 
their parents. Servants looked after Mary and George, but the two children were monly on 
their own. 


The Leaves and the Root 


Mary was a bright child, owlgoing and talkative. “You were the roots and | the 
leaves of the plant,” che wrote to Gearge when both were old, 


> 
00 


O_ 
ERIC 


Linke George was his sister's fan. Whoa Mary «a8 nine, she wrote a play, and 
George, who aciod in it, boasted, “C'est ma socur qui a inventc ocla.” (My sister made thal 
up!) 


Homeopathy 


Their father w2s a great believer i homeopathy, a modical system promoting health 
and preventing disease. Dr, Hahnemann was the founder of homoopathy, and Mary’s 
father was devotod to his system. Followers of homoopathy practiond some extreme 
castoms, and én the Everest houschold, Mary and ber brother Goorge had to practice them 
(90, 

They took long walks before breakfast in freezing weather aad baths in ioe water to 
help them resist discase, Some thought the ourc was worse Uhan Ube discate. But Mary was 
Joyal to her father and submitted to whatever oxperiments he dreamed up without 
complaining. An ill person himself, he was determined that Mary and George would grow 
up tobe h 


Mt. Everest and Uncle George 

Mary's family name was made famous by her unde Gearge Everest, Goorge wat a 
surveyor who spent twenty years in India. Because he ied a survey team up the great 
mounisin, Mount Everest was named for him. 

Uncle George did not often visit his brother’s family, but when he did, he brought 
tales of adventure in far-off plaocs, Mary was a great favorite of this uncle, and he wantod 
to adopt ber. But she was too attached to her parents to agree. Mary was wery close to her 
father, and for as long as he lived, she was his devoted assistant. 

Mary and ber brother George were aways being sonlded for quarreling, George 
spent every Freach “sou™ he got while Mary was a “pinchpenny.” Their father saw to it 
that they didn’t quarre! over moncy by giving them a joint allawance. Somchow, because 
of their common piggy bank, George became more cautious about spending, and Mary 
became more gencrous. 
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A Crush 


Mary had a tutor from the village. Moniiour Deplaoe taught Mary every moming 
from 6:00 to 8.00. No tying abod for 2n Everest chad! 

From the fire day, Monsiour Deplace made arithmetic dicar to Mary. Whon her 
mother had ied to teach her long division, i was ames? With Monsour Deplace, 
icarming was cary. He asked ber a scrics of questions. ‘Mhen he told her to write down the 
answers. When she read them aloud to him, she realized she was reading certain orderly 
Stops thal would solve her problem. Mary never forgo! this wonderful way of Icarning. 

Mary had a cnath on Monsieur Deplace. Although be was pleasant, he never 
showed ber affection. Sull, she felt she was somoone special to him, and she remembered 
him all bes life, 


The Rector’s Assistant 


When Mary was cleven, Ber father regained hia health at last, and the family went 
back (0 England. Hex father became rector of a church at Wickwar, at the foot of the 
Cotswold Hills, Mary was tsken out of school and became her father’s assistant in his 
parish work. Her duties were visiting old people, teaching chudren in Sunday School and 
helping bes father prepare sermons. 


The Differentlal Calculus 


For mathematically-minded Mary, leaving school did not mean an ond lo study. She 
taught henelf caloutus from books she found in her father’s library, While she was 
teaching herscif differential caloulas, she bocame stuck and the booked around for some 
help. | 

“I spon found in the library an old book of Flunions into which I plunged with 
delight,” she wrote... “After I had been revelling in my prize for a week, my father found 
me with the book and took it away, (cling me that the Fluxion notation was old-fashioned 
and inconvenient, and quite given up now at Cambridge.” (Since women students were not 
admitted to Cambridge, Mary had no way of discovering this for berielf.) “I woat back to 
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iy deflcrontial book, and found, to my great: 
How could that be? Thas was a paszic, 


Sapte, Chal et was mow portociy cheat to me.“ 


Mathematics, Friendship and Love 

Two years kates, whoa Mary was cightoon, she had a chance to sohe the purzic. She 
<isitod the home of her aunt and wade who lived in Cork, in Western Ireland, Her Vade 
John was Professor of Chassics at the University of Cork 

One day, a young professor, a pood friond of her wncie’s, came to call and Mary was 
tnizodyood to him. 
the difictontial calculus puzele and how the old-dachioacd mothad of caring Caloolas had 
hetpod her. Goorge said the book of fusions helped ber by sotizng wp cortain orderty slope 
for her to fatlow, just as Monsiour Deplace had done so tong ago, Using these steps, Mary 
waa able to solve the probloms in the repular caloulus textbook, 

Mary liked George Boole very much. He was a kind and understanding man, as 
well as being a mathematical wizard. Students and children loved him. After her return to 
England, she wrote to him. She sont him examples of her work 39 mathematics, Two years 
lator Goonge came 10 Mary's home in England and bogan to teach her a serious course in 
miathomatics 


At this time, Goorge was witting a book called Laws of Thought, Whoa 1 was 
published tao years later, it booeme a sensation among mathematicians and other serious 
thinkers, In it, he investigated the laws that govern the part of the mind which reasons 
about things, These laws were cxprosiod in an algebra of zoros and ones, This algebra 
cvon today ts catlod “Boolean Algebra.” 

Later, whon George revised his Laws of Thought, Mary, with the help of George's 
Students, read the manuscript, Whon he wrote something that was nal dear, they told him 
$0 fA AO whocitain terms, Once, when he was composing a section on differential 
equations, Mary sont the manuscript back five times for re-wtiting$ On the oith time 
around, twas dear, George had passed inepection. 
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A Boolean Family 

A few yoars Later Mary's tether dind. ta bor prick, she turnod 10 Goorge for comiort 
and friendship, A ycar later, the two wore maniod, Mary was twonty-throc years old and 
Goorge was fory, 

“Into the nox nine years,” wroie a baagrapher, “were crowded a tiletime of events, 
Five daughters wore born to thom: Mary, Margarcl, Alicia, Laxy and Exel. twas a very 
happy marriage, and Mrs. Boole was ablc by ber understanding care to safeguard hor 
husband's hoaldh and proiod bim ta a prost cxtom from the ofioats of his constant and 
stronuous work.” 

Salepmarding her husband's health, as che had gpont ber youth safeguarding her 
father's health, soomed quite naterad to Mary, Like most womwa of bor time, he was 
devolod ta ber family, and raised ber five daughters. Bat hot tide did not fotlow a sot 
formula. Rather than moving slong a straight! linc, Mary's destiny was ta wind, bond and 
young, taking whal was best from Monsiour Deplaac, from their exporionoe with Goorge’s 
sudeals, from Mary's own study, aad from odacr Ghinkess. But they isid no plans for 
cducaling their own childrea. 

Suddenly, Goorge caught pnoumonia and died. Mary's youngos! child was six 
fontht O14, and the horshl was ody thirty-two and a pricving widow. She had t9 go a2 

What did she da? She worl ost and gol a jot! 


The Wide, Wide Worid 


in those days, this was a heroic task, Mary had mo job experionos cxorpt sermon 
wing and parich teaching and working with Goorge’s stadonis, But there was the koy~ 
writing and (caching, 

While Mary tackled her portional problems, turmod was sito elinting up the wider 
world. Revolutions had reepl through Berope in 1848 and America was pow on the worge 
of Cid Was. 1 was 1864, and educational aad politiod quontions were boiling in Exgland. 
‘The young widow's mind bubbled with them. 
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Mary had never lost the love of learning that led her to pursue her studies alone and 
seek out scholars like George Boole. George had been interested in the ideas of a man 
named Frederick Denison Maurice and wanted to invite Maurice to join their discussion 
circle. But George's illness and death prevented this plan. 

After George died, Mary pledged herself to further George's work, When the 
opportunity arose (she had a problem on which she needed advice) she made an 
Appointment to meet Maurice. Maurice was a lecturer at Queens College. 


Queens College In Harley Street 


Queens College in Harley Street, London, was founded in 1847. It was the first 
women's college in England. Its patron was Queen Victoria. Its purpose was to train 
young women to become governesses. Neither women nor Jews at this time were granted 
college degrees anywhere in England, but at least here women could study on a college 
level. 

But Queens College wasn't giving anything away to women. Women could not 
reccive degrees and no women could be appointed to the teaching faculty. The only jobs 
available were so-called "staff assistants." There was no direct tcaching of students in 
these jobs. 

When Maurice met Mary, the first thing he asked was if she would take a position as 
librarian at the College. Mary accepted and went to work. 

Now she was in her element! Although she could not teach, she became a friend 
and advisor to the students. She organized what came to be called “Sunday Night 
Conversations," 

Mary and the students discussed Boole's mathematics, Darwin's natural history, and 
psychology, and how each subject affected the others. They held logic-practice talks. Mary 
presided over the meetings. They were a smashing success. 

“I thought we were being amused, not taught," a graduate wrote to her later. “But 
after I left, I found you have given us a power. We can think for ourselves, and find out 
what we want to know." 
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Mathematics As Fun 


Mary began to teach children, using her own theories. She was most interested in 
showing how ordinary everyday activities prepared children to learn mathematics and 
selence. 

",+» Children do things such as drawing or sewing, counting in tens... sharing an 
apple or painting a pattern on a wall. And in the unconscious (usually not to come into 
ennsclousness for years) Is growing... (an understanding of) zero and infinity, adding or 
multiplying minus... and many other fundamental mathematical , , , (ideas),” 

Natural materials and imagination: shar was the magic combination to create 
excitement in mathematics class, Girls in her classes used necdles, thread, and esrdboard 
to form curves with long straight stitches. Boys used thelr penknives to cut twigs from 
hedges, They took clastic from hats and slats from cigar boxes to build three-dimensional 
figures, 

One day the Head of the London Board of Education came to Mary’s class. An 
cleven-ycar-old student demonstrated a toy the class had made together. It showed a 
parabola in the act of changing its rate of curvature. The official was “staggered” at the 
cleverness of the students. 


UN 


The cross-section of a searchlight reflector 

is aparabola. The rays from the light 

source bounce off the reflector and form a 
wide beam of light. 


Children, Mary believed, should “have the opportunity of watching. .. how one 
geometrical type-form grows out of, or flows into, another. A common night-light placed 
in the bottom of a deep round jar in a dark room throws on a sheet of cardboard held over 
it patterns of conic sections, which pass into cach other as you change the position of the 
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cardboard.” Children love to watch the shadows ehange and it is good training for 
Reamety, she advised. 

Mary threw all these ideas together into a pot and out came a sich stew-a book 
called The Preparation of the Child for Science (which included mathematics), 


Curve Stitching 


Mary invented cards marked for the purpose of curve stitching. They were known 
as "Boole cards” in England, Mary happened upon curve stitching, or what today We call 
string geometry, by chance, and saw at once it could be an ald in learning about the 
geometry of angles and space. 

"In my young days," she wrote, “cards of different shapes were sold in pairs, in fancy 
shops, for making needle-books and pin cushions, The cards were intended to be painted 
on; and there was a row of holes around the edge by which twin cards were to be sewn 
together, As I could not paint, it got itself somehow suggested to me that I might decorate 
the cards by lacing silk threads across the blank spaces by means of the holes. When I was 
ured of so lacing that the threads crossed in the centre and covered the Whole card, it 
occurred to me to vary the amusement by passing the thread from cach hole to one not 
exactly opposite to it, thus leaving a space in the middle. 1 can feel now the delight with 
which I discovered that the litue blank space so left in the middle of the card was bounded 
by a symmetrical curve made up of a tiny bit of cach of my straight silk lines; that its shape 
depended upon, without being the same as, the outline of the card...” 

A book about experiments with curve stitching came into print. It was written by a 
friend of Mary's and was called A Riythunie Approach to Mathematics. Cards with patterns 
from ancient times mysteriously appeared in the book. 

"Some of the patterns reproduced designs in old Celtic art; others in ald Egyptian 
and Greek art; in fact," Mary wrote, “we are hearing from various parts of the world... 
(People say) ‘you have reproduced the omamental work on such or such a very old 
building.” 

The designs in this book reproduced basic designs that were used in Egyptian, 
Greek and Celtic art! To Mary, this showed that people’s unconscious minds were similar-- 
no matter when or where they lived. 
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"Psychic" Sclence 


In Mary’s time, many people asked questions about the spirit world, ‘Dicy 
wondered whether it existed and, if so, how it worked, They used the word “psychic” for 
anything to do with the spirit wasld. Mary had long thought about psychic happenings, She 
completed a book and ealled it The Afestage of Paychie Seience for Mathers and Nuryes. 

At this time, Maurice was her employes, and he was also a winister in the Church of 
England. Maurice prided himself on being a tolerant man, but he stopped shart of a book 
about psychic science. Mary's book talked about not only physical health but also mental 
health and called it science? Mary's book agreed there was such 2 thing as thought 
transference between people? This was going too far, Maurice thought! 

Friends of his who also belonged to the Church of England blacked the publbhing 
of Mary’s book. It took fifteen long years before the book was finally printed, By that time 
Mary was no longer in Maurice's employ. His opposition could not stop her from 
publishing. 


A Fair Exchange 


Mary went to work as Secretary to James Hintan who had been an old friend of her 
father’s. Hinton wrote about evolution and also about the art of thinking. It was the 
second subject that drew Mary to work with him, 

Each had something to give the other. They studied the development of the mind. 
Mary taught Hinton mathematics and how to apply equations to the art of thinking, 


The Magic of Numbers 


It is possible, Mary believed, to express the basic notions of the universe in 
equations made of numbers and symbols. The number “),” for example, is the expression 
of unity in the universe. Zero is infinity, Anything could be translated into mathematical 
symbols: a rainbow, a butterfly chrysalis, a dust spiral. Mathematics gave power to discover 
truths in all ficlds of knowledge. 

Mary wrote and talked about her belicfs with mystics from the East and 
psychologists from America. Founders of the progressive education movement in America 
studied her writings. 
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The Cranks 


Mary had a group of friends who ealled themselves “the cranks.” She met them ata 
Vegetarian restaurant in London. Aftcr a time, they put out a magazine called “Me 
Crank.” Mary contributed many articles with eatehy titles like “Are We Berserks 
Ohiistians?” Stufty old Maurice couldn't stop her now! 

For the next thirty years, books and anices poured out of Mary, Her tiles shaw thie 
wide range of her interests: “Mathematies in Qeeultiom,” “Me Divining Rod," "Me 
Schoolginl Medium,” “About Girls," "What One Might Say to a Schoolboy,” 
“Hlooliganism” (Guvenile delinquency), Philosophy and Furi of Algebri, The Logic of Love, 

For the twentieth-century reader, leafing through Mary's Collected Waringy is a tittle 
like taking a trip with Allee through the looking glass: all sorts of odd ideas come skipping 
along, such as, “It is the mara) duty of people not to go insane. Geniuses should live to be 
ald sather than ‘burning out’ and dying young, Having seerets is a mistake.” 

Mary, for instance, made a rule for herself, when she was thirteen, never fo keep 
secrets, “That way she could publish whatever she wished and say whatever she chose, 

Mary's daughters were grown up now and gone away, all except Lucy, who lived 
with her, Lucy was a chemist and she lectured at the London School of Medicine for 
Wontcn. Her daughter, Alicia, was a mathematician of considerable talent who was said to 
have the ability to visualize figures in a fourth dimension. The youngest, Ethel, was a 
NGvVelist, 

Mary spoke at various clubs and societies, like the Parents’ National Educational 
Union and the Christo-Mheosophical Society. These mectings were open to all, and all 
shades of opinion were welcomed. ‘Mey were attended by foreign scholars, ministers, 
cditars, educators and other thinkers. 


A Shocking Dream 


Mary had grown up on religious sermons and found it hard to resist what she called 
“a litde bit of preach.” Yet she was always ready to deflate windbags or people she called 
“prigs.” She may have been a bit of a prig but she didn't mind telling stories on herself. 

For example, Mary had a dream which kept repeating itself, In the dream she went 
outside in a shocking condition. 

She said, “I find myself... in the street without proper clothing, without bonnet and 
cloak, or even ... my nightdress." (1) 
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When che had this dream, she always looked over the manuscripts which were 
waiting to be taken to the printer, She wanted tu he certain that she had not sevealed tuo 
much of herself in her writing. She did aot want her “aaked* feclings ta show to the world, 


World War |: The End of an Era 


When World War t started, Mary’s health was failing, She was surry that she ads 
too Weak ta knit sweaters and blankets far the war effart. Her cantribution was to aper 
her house to the many people whe knew her. 

“They came and found a quiet place for an hour, away feom the turmoil of a coUTIEEY 
at war and the terrible news in the newspapers.” 

Mary was by new quite old, She had breathed life into wounded insects, She gave 
birth to five children~all living, She gave the power ef thinking to students so they eould 
find out what the; needed to know to live well, She enlivened dry-as-dust mathematics 
classes far countless girls and boys. Now life was ebbing out of her. 

Mary had been widawed for fifty years, She raised her family alone and naw 
relatives as Well as friends and even her awn eyesight were slipping away. 

“Ah mel" she wrote, “But itis a tonely world!" But she had a strang religious faith. 
And even sadness could be woven into a rich doth="If one knows the Artistic way of using 
the world’s shadows... discords ... and Jusid dark silks...” 

Mary died at the age of 84. Her life spanned the Industsial Revolution in Enpiand, 
This period brought to England a new sct of political and social challenges~-public 
education, public health, trade unions, the coeperative movement 

Mary called herself a mathematical psychologist. This meant she uied to 
understand how people (especially children) leamed mathematics and scicnee, using the 
scasoning parts of their minds, their physical bodies, and their unconscious processes, 

Her work influenced many others of her time: “Within the first decade of the 
present century,” wrote her biographers, “new methods of teaching many subjects had been 
developed. Experimental work wenton...” 

Today, in your own classroom, you may leam subjects the way Mary Boole taught 
them. Something may remind you of her ideas about how students learn, especially how 
they leam mathematics and science. 
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CURVE STITCHING 


A nineteenth ecntury mathematician and teaches, Mary Hoole, developed a 
technique for makisg atleactive designs by threading colored string through cardboard 
foe. Pictures of Pwo of these eands, called Boale Curve Sewing Carda, ate included bere. 
Curve elitching demonstrates an intercating mathematical idea, Qurved lines can be 
formed solcly by a sctics of straight lines. How ean this amazing thing happen? Det’s try it 
ad sce. 


Notice the numbess drawn on both rays ef the angles above. Draw a line connceting 
point 1 to point J, another from point 2 to point 2, a third from point 3 ta point 3. Keep 
daing this, Watch the Wace of a curve appear as the lines are added. 

If the spacing berweccn points is kept the same while the width of the angle is 
changed, the shape of the curve will change. Connect the points in the figures bclow and 
sce What happens. 


a 


Notice what happens when the number of points on cach edge is increaced while the 
angle is kept the samc. 
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The mare paints, the siioathes the curve! 


Try connecting points on edgcs of other geometric figures. For ckainple, Uy 
connecting Ihe paints on this triangle. 


Experiment with other designs. 
Make your own numbered shapes, Try ooloring your designs like the illustration 
below, Many altractive designs can be made this way, 


A2 
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Here ate pictutcs of Pao of Mary Hooale’s eants with numbers added ip a fow places. 
Conncel the points inthe wugl way and wateh the cuned designs appear. Try oonnccting 
different edges, See haw the designs change. 
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LINE DESIGNS by Dale Seymour, Linda Silvey and Joyoe Snider is a book whieh 
sUpecsts many more ideas you can Uy. (Creative Publications, P.O, Box 10328, Palo Alto, 
CA $4303) 
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TMMY NOETHER AMADE ALL MULTIPLES OF 2 AND 3 
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EMMY NOETHER 
1882-1935 


An Ordinary Childhood 


Uny Nocthet was the greatest woman mathematician in the hitory of 
Hathematics upto her time. Yet, when che was a young gil, na one would havc predicted 
gic aisess for hes, 

tammy was born in 1382, the oldcot child in het family, She had thace brothers, but 
two of thea diced al a young age, Her brothes, Frits, waa two years yountes than Emary, 

The Nocthes family lived in Esdangen, Germany. They were Jewish and, as pant of 
thei Uadition they honored learning. 

Emmys father, Max, was a mathemzticc professor and rescanch wicntist at the 
Univenity of Extangen, He was a hind, jolt: +c ef man. Hee mother, whose name was 
Ida Amalic, was a typical “hausiran™ who kepl 2 tidy, welbgun houscheld, 

Fot her cative childhood, Emmy lived in the wae apartient in Exdangen. She was 
Very Acameighted and wore thick glasses, She feared the skills Caat were Laught to pith of 
the tniddte class, She tearmed to play the clavics, which « somcthing like the piano, She 
cooked and dusted, She liked going to family partion where there was dancing, Emeny 
loved to dance, 

Hee life might have been thal of any ordinary houscwidec, Hut, just about that tiene, 
young women in Gcimany were admilied to universities ta cain degrees, Now a career in 
soeALS was Open to hes, 

Eauny wai friendly and cheerful, She also was Gever. From the uart, she liked 
languages and sindied French and English, When she finished high school, she tock 2 tos 
and was cemtified to teach French and Engin in schools for girts, Hf the had to, ste could 
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Bow cat hey ling. i Rie wees tations athe Cape CHE fraite dx toa a Vousrig witha af “ir } 
line and place. 


Past Paatny"s Was Hol on ribdinicas facnity, Nod amty was hed Zailicd a Hathe Hiatacian, 


hes brated P4ats was followmitig in has Footstepe, Vsite enteded the Uaivegsit yet Dilangcn ta 


Huy tagthenatics. Vaitey was caphiccs and biogas ta sit is on cannes at thc t MVC RS EY 
She dad this fos twa yeats. 

She faok the examinations of entyance as 4g dhdctotel Madea ity HathetHatics and 
passed. Now she was a audent in gacd danding. 

Pywre yeas lates, che feaxned bet dadegal degice. She was the sc corid wotian ih 
the history of the University to teccive a dactotal degice in matheriatics (Phe fits 
wuinan prexived bes degree Use yeat before Henry.) 


A Degree But No Job 


Emmy Northet was trady fot her carees. These was only antic Problern: Ho won 
wee POHL Lo take gots as mathesnatics professed in het city, of mmdeed, arivetiese iis 
Germany! 

Lemmy worked without pay at the Mathematics Insityte a Uatangen, Partly, she 
helped hes fathes in hia work aud pamly she warked on het own pescatch. Samcti¢nes she 
taught in hes father’s place when he wat tick, She worked this way fot the HOM ton yearse 
from 1909 10 1919. Slowly, hes reputation grew. She began to publish pay crs aboot het 
work, dn ber lifetime she publiahbed fonydive papers. 

The first world war began in 1914. Emsiy was a paodist, She had high hopes that 
this teatible war would cad and there wend be 4 lasting peace in Germany, 19 1914, 
Germany lost the war, The German monaroty was overthroan, the cozntyy became 4 
tepublic, and womea were gion the vote, But eves though Eauny could vote, she tall 
teexived na salary whatsooves fos her jou, 


A Growing Reputation 

Two greal mathomationns, Felix Kicin and David Halbert, were working at the 
University of Gotlinpon in Germany, They beard of Emmy and thought she gould heip 
thom én their work on Binitesn’s poncral theary ef relatnety, They inated hea to move ta 
Gontingca in the hope thal she oauld joan the Laclty, 
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find these) Ede Ba wotho oA Pic hattdnpen Reewity Owhed tachdty acsethicdes gaa, 
“Wal will ous aoddicas thigh when Micy pein La the Vavedsity atid Rad They ade eaprecde.d 
eH 


fa desta of Ghd fed of aworrnal" host Giedetioa) woarion wcte hounecweves Fre farcdice 


mapotid wats pas hist xf they ied 40 Beaahe ah hing else 


Choi lamge 4 b mtny #ethained acdcne. whe tad fat Beatie burcd he thoy te 7 sore ME de 
good, and hepl thet Relics eppesonl in hes suited 
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Pnuny was now thutyseven yeas old, asd her eepadaliok asa hiilliaa 
Malhomalicaa was growing fal. Finally, she tdceived a place as a leciuicd ai the 
Daneasty of Ghattinges lestead of teaching fap oahes Picdeasats, she ceagld mow teach 
eourses bides hey oma nate. Three yoats afics this, she finally ecccived a thal salary 
THe Was litnely because Gertaany’s pasiowar saanamy was wtacked by is fetioy, and 
tases tram Hed factialy’s ortate, which had helped lo support hed, prided ond 


The Noother Boys 


Pramy gathered 4 gioup of Hudert: orowsnd het at Gattingon, Het growsne success 
a a athematcian attraded outtanding dudents. They cane from Russia, the 
Neiheilands, and othes couatiies, They siade a lacly group-thene "Nacthey Boys.” 
(Yeats lates, when Lavny taught at a wotion’s oollege ao the United States, het group was 
hnown as the “Nocthes Guis,") 

binmy’s syle of teaching was cotfusiag, Her explatisiiens wore, aa ha studont Vaan 
dct Weydcn put it, “rattled off af top spend.” She world launch ante these crplanations, 
fovesistdy wading synibols on the board, loving unfinished scatonacs a4 her wake, and a 
troup of puried sludonts ctting if front of het, Perhaps, brang so aeareightod, she aoved 
holioed they puried oxprosaans, 

Once, afict she had given a lecture ta a barge group of sladente—iome repulal 
sadonts and some \aitors-one passed 3 Rote up ig hes, MH ycad, “The visitors have 
wadertood the lootare just aa well as any of the regular students.” (Ot as badly1) 

But not all of hos students lacked understanding. A jou, who were pation! and 
ationlive, caught O89 and booame loyal followers. They icerned to snatch the ddicas she 
Hung oul, and pul thom te use 3a thei: own research. La thes wey, Lacy advanced and 
booame distsaguahed mathomalioians 38 thoy own Hight, They aoves forgot thom debi ta 
Uanmy Nocthor, and some weve her creda 2 thes own works. 
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One of her former students, Alexandroff, invited her to Russia to the University of 
Moscow. He later wrote about her visit: "Emmy Nocther very casily fit herself in with our 
life ... she lived in a modest room in the KSU hostel near the Crimean Bridge, and most 
of the time she walked to the University. She was very much interested in the life of our 
country, especially in the life of Soviet young people. . .” 

All during the twenties, Emmy’s work in algebra progressed. Her work was part of 
the new algebra. Her work did not rely on adding or multiplying numbers or solving 
equations. Instead, her work in algebra dealt with ideas. 


A Brilliant Mind, A Warm Personality 


Emmy never hoarded her brilliant ideas like a miser. She was generous with her 
genius. Her students were like her own family. She was interested in their personal lives, 
and listened to their problems. She was “warm, like a loaf of bread," said Herman Weyl, 
onc of her biographers. 

Emmy had a deep voice, like a man’s, and.it was loud too. She laughed heartily. 
Though she was not tall, she was heavy-set. She looked solid, carth-bound. Yet her ideas 
soared with case and grace, as did her lively spirit. 


Departing the Homeland 


In 1833, the Nazis, who had come to power in Germany with Hitler at their head, 
demanded that Jews be thrown out of all university positions. Emmy's brother, Fritz, had 
to move with his family to Siberia, where he was offered a position at the University of 
Tomsk. Emmy too had to leave Gottingen, and the beloved country of her birth. One of 
her Russian students, and a good friend, Alexandroff, desperately tried to secure a place 
for her at the University of Moscow. But before he could do this, American friends found 
her a job as visiting professor at Bryn Mawr, a wor:*-’s college near Philadelphia. Here, 
Emmy moved in 1933, when she was fifty-one yeau: “ 
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A Woman Mathematician in America 
Besides teaching and doing research at Bryn Mawr College, she gave weekly 


"lectures at the nearby Institute for Advanced Study in Prinecton, New Jersey, where Albert 


Einstcin and other famous German refugees now worked. 

As a professor at Bryn Mawr, Emmy Noether made quite an impression. A woman 
who was a student at Bryn Mawr at that time, Betty Morrow Bacon, recalls mecting Emmy 
soon after her arrival in America. 

“Before she came we werc told, ‘This is onc of the great people alive in the world 
today. It is an honor to have her at Bryn Mawr.’ 

“When I first saw her striding across the campus, I felt a Jittle scared. Her 
expression scemed stem and forbidding. She was large and solid-looking and she wore a 
long dress. She didn’t speak. She was not at all like other people I knew. 

“There was a faraway look on her face, as though her mind was not in this world at 
all. What was she thinking of? Maybe she missed her old life in Germany. Maybe higher 
mathematics filled her thoughts. I never knew...” 

Another student at Bryn Mawr, a graduate student in mathematics, Grace Shover 
Quinn, recalls her impressions of Emmy after she was scttled into her new life at Bryn 
Mawr. 

Emmy Nocther ... “was around five fect four inches tall and slightly rotund in build 
--. She had a way of tuming her head aside and looking into the distance when trying to 
think while talking. .. Her lectures were delivered in broken English. She often lapsed into 
her native German when she was bothered by some idea in lecturing... 

“She loved to walk. She would take her students off for a jaunt on a Saturday 
afternoon. On these trips she would become so absorbed in her conversation on 
mathematics that she would forget about the traffic and her students would need to protect 
her." 

Anna Pell Wheeler was Head of the Mathematics Department at Bryn Mawr. 
Professor Whecler had studied at the University of Gottingen and understood the German 
fife style. She could appreciate how Emmy's carcer was blocked in Germany because of 
asrsex. She could understand the shock of being uprooted from the German culture, and 
‘.ansplanted to another world. 

This was the first time Emmy had a department head who was both a 
mathematician and a woman. Up to this time, all her colleagues were men. When Emmy's 
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old friends and former students came to Bryn Mawr to visit her, she introduced Professor 
Wheeler as her good friend. 


Death: A Great Shock 


In 1935, Emmy Nocther entered the hospital to have an operation. She was gelling 
well at the hospital when, suddenly, complications set in. Within hours she was dead~a 
Sreat shock to her unsuspecting friends all over the world. 

Emmy did not write about herself. Unlike her great mathematics ancestor, Sonya 
Kovalevskaya, she wrote no autobiography. But others talked of her and they remembered 
her. 

Soon after her death her Russian friend, Alexandroff, gave a talk to the Moscow 
Mathematical Society. He said, “Emmy Nocther... was the greatest of women 
mathematicians, a great scientist, an amazing teacher, and an unforgettable person cco 
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ABSTRACT ALGEBRA 


Emmy Noether worked in a part of mathematics that is called abstract algebra. 
This kind of algebra is quite different from the algebra you Ieam in school. 

In abstract algebra people talk about GROUPS and RINGS and FIELDS. Fields 
are more complicated than rings, and rings are more complicated than groups, Belicve it 
or not, the simplest arithmetic you feam in school is far more complicated than many 
examples of groups or fields or rings. 

If you don’t believe this, try these examples. 


Meet Sticky 


Imagine a stick figure that can move only its two anms ... and these two arms can 
move only up or down. 

Suppose we want to describe the motions Sticky can do. If we do so in a certain 
way, we can turn Sticky and Sticky’s motions into a full-fledged mathematical animal called 
a group. 

Let's think about the four possible ways that Sticky can move. Let’s label these four 
ways 0, I, 2, and 3. 


This is MOTION() 
Here Sticky does not move at all. 


This is MOTIONG)) 
Here Sticky moves right arm once.* 


This is MOTION) 
Here Sticky moves left arm once. 


* By “move once" we mean, if arm(s) is straight out it moves UP. If arm(s) is UP, it 
moves STRAIGHT OUT. 
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This is MOTION 3. 
Here Sticky moves both arms once. 


If Sticky moves right arm twice, Sticky will be back in first Position. 
So we can write an EQUATION, 


Jusi as we have learned in ordinary arithmetic that 3+3«6, we can say here: 


po) ra po G) sess m = (0) 


Be R— 


In the same way ve can see that 


po (3) maey po (@) ~—sRESULTS @ 


Scc if you can fill in the table below. For cach square first do the motion that the 
figure at the top is doing; then do the motion that the figure at the side is doing. 


How do you end up? 


That's the answer, Put this answer 
in the appropriate square. 


Do you sec that the figures in the squares make a pattern? 
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CLOCK ARITHMETIC 


Another example of a group is the special arithmetic called clock arithmetic. 
@ Think about the face of a round old-fashioned dock. 
@ How many numbers do you sec on it? 
Suppose it is 10:00. You tell your friend you will be back in 3 hours. What time will 
you be back? Right you are. You will be back at 1:00. 
You can write a funny-looking arithmetic sentenoe... 10@3 = J 
Ne“ce the cirde around the +, That tells those who know, that we're doing addition 
around a circle. This is the special clock arithmetic. Look at the clock and finish the 
following sentences. 
5O8 = 
8O5 = 
11@®4 = 
In ordinary arithmetic 3+225 
1e4a%5 
2¢385 
4e185 
0+525 
5+025 
These are all the different ways you can make 5 by adding just two whole numbers. 


Ho about clock arithmetic? 
in clock arithmetic, how many ways can you make $? 


You cansaythat 11@6=5 
10O7«5 


I'm sure you can think of many other ways, 
Now let us consider a very simple example of dock arithmetic and its solution in the 


Square at the bottom of the page. This clock has only 4 positions that matter. We csi 
think of these as follow: 
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O mcans stay where you are. 

GC) ] means move head 15 minutes. 
G) 2 means move abead 30 minutes. 
(-) 3 means move ahead 45 minutes. 


Now do the additions as you did before, and complcte the squares, 
@ Remember, 1 + 1 * 2 means move one viep ® te () YT I 
dockwise. Then move one more step clockwise, 

and you've arrived at position 2, 


How abouta2+2« 7 


@ Notice the pattern of numbers when you've 
completed the square, 


e Compare the difference in the patterns of the clock square and the Sticky square. 


‘The pattem in cach square comes out of exactly 4 numbers (or clements) and a rule 
for combining them. 


@ Why are the solution patterns different for these two squares? 
Emmy Nocther’s work gave mathematicians new tools to solve old problems, In 


particulsr, she developed important new ways of classifying these kinds of situations in 
rings, the next more complicated structure after groups. 
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COMMON MULTIPLES OF 2 AND 3 


@ All numbers that are common multiples of 2 and 3 are numbers thal are fultipics 
of 2 as well as multiples of 3. 

@ All multiples of 2 are even numbers. Therefore common multiples of 2and 3 are 
even multiples of 3. 

@ Sce page 95 for details on “multiples of 3" test. 


Using common multiples of 2 and 3, shade in Emmy Nocther’s picture on page 68 


SOLUTIONS: 


@ lotice that for both squares, cach number appears only once per row and 
column. 

@ If you were to fold the large square a!ong the northwes/southeast diagonal, each 
half would match. This diagonal is a line of mirror symmetry. 

@ Notice how the number pattems differ for cach square. 
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LENORE BLUM 
1944- 


A Tropical Paradise 


‘The aimplane carrying the two girls descended, and the city of Caracas, Venezuela, 
fose up to meet them. It was the dry scason and fires in the mountains caught their eye. 


They saw small aircraft dropping chemicals to put out the flames. As they approached the 


airfield, the sun illuminated a landscape of palm trees and flowers, modern buildings and 
sucets, To Lenore, the older one, this was paradise, and it was her new home! 

Lenore and ber sister had left their home in New York, The whole family was 
coming to live in South America. Here, Lenore’s father hoped to make a good living in the 
import-expost business. 

The drive from the Caracas airport to their new home was full of strange sights. An 
aitempted revolution was taking place. Opposition forees, who wanted to everthrow the 
dictator, had Usrown tacks in the streets to puncture tires and disrupt the city. Chriuimas 
ees were Led to front fenders of cars to sweep away the tacks. 

Their lodgings were wonderful—several rooms rented in a large house. Views from 
second-slory windows showed the lush mountains. For the first time in her life she had a 
back yard, Unkrown in New York! In the yard, a partot squawked--porgeous, brilliant- 
hued, tropical. 

Lenore was nine and her sister, Harrict, was seven. They were going to attend the 
local school where only Spanish was spoken and no “forcigners” were enrolled, This 
would be quite a change for Lenore. fost of ber friends had been Amcrican in the old 
school. Many were Jewish as she was; in fact, in New York she had hardly known anyone 
who was not Jewish. 
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65th Avenue, Queens 


Home in New York had been an apartment on 65th Avenue in Queens. Her 
carlicsl memory was Wancing at the window watching hes father, Irving, whoa be aninved 
home after World War lL. From the candy store on the comer, she bought a Yiddish 
newspaper, “The Forward,” for her grandmother, who lived with the family. Her 
grandmother spoke only Yiddish. Lenore understood Yiddish, and although she didn’t 
spcak it herself, she anslated her grandmother's words into English when people cane to 
Visit. 

When she was young, relatives commented to cach other, “How artistic Lenore ist” 
Ant was her favorite activity, though she usually dids’t show her projects to athens, Onc 
lime she used an orange as a base and built a hand pugpet from papier mache, using strips 
of newspaper and paint. The puppct had blond hair made from wool yarn. It was differcat 
{rom anything that could be bought in the stores. 11 had “personality.” 

Lenore Visited libraries and muscums with relatives and even by herself. She foved 
ihe dinosaurs at the Museum of Natural History and the wild animal habitats. Sometimes 
whe traveled by subway to the New York Public Library and the great muscums in 
Manhattan~the Metropolitan Museum of Art and the Museum of Modem An. They filled 
her with wonder. 

Her ogusins, Ellen and Sheilcy, lived in her neighborhood and they, Harrict and she 
played together, This was in the casty days of television and on one program, called “The 
Magic Cottage,” children applied through the mail to be on the show and win prizes. All 
four girls cagesty applied. Shelley and Harriet were chosen. Ellen and Lenore tatked and 
persuaded, persuaded and talked until the other nwo gave in. Ellen and Lenore appeared 
on the show, 

Many of the prizes were of some value, such as a child’s record player. But Lenore 
saw just what she wanted: 3 puppet which folded up into its own lithe case! 

“Why didn’t you pick the record player? It's much more valuable,” Lee grownups 
wanted to know, Valuabic? To the others, maybe, but not lo Lenore. 
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Growing Up 

The women in Lenore’s family were very proud of thei: professaons and she grow ap 
with the idca that a profession was a vory emportant thing for a woman to have. Roc, 
Lemore’s mother, taught science in a New York high ichool. Al one time the had studied 
to bagome a doctor. Rose's sisters often came to the house to visit Lonore’s grandmother, 
Two of these women were lawyers and a third was a teecher, 

They ofica spoke of their older brother, Sol, wha had booome a modical doctor, 
‘Though he had died al the age of 32, his presence was suonply fell, As the oldest child of 
an immigrant family, he had lod the way. 

Every now and then Lenore would take from the hall deset a violin that bolonsed 
to her Unde Sol, She was like this uacie; she would da something special. te dida’s realy 
matter ta hes thal later, when the jaok violis Icssans, che showed na talont far the 
imtrument. What meitcred was that she felt Ubere was a Uredition of xholanhip for het to 
icliow, 

Lenote went to a progressive school which didn’t give grades, She loved school and 
loved the summers at Far Rockaway beach where she plaved with her sister and hes 
counink She used New York, the largest American city, a3 ber playground. She had plenty 
of free time. No one kept close Wack of ber, This suited hes pesfectly. 

There was one Daw, a fear thal came and wenk: her beloved grandma mig booome 
il when no one else was there, But the years of her childhood passed and her fear was 
Acver tealized. Suddenly, she was moving away jo South America. 


South American Scenes 


Catacan, Venczucha, in Sosth Amerika, was another fink in the golden cham of 
everts an the child's ike. Lonore’s first Gimpse of the exty contumod her belie! thal good 
things would alweys happen to her, 

The fun day of school shattered the perfect picture, The boys in the olass had 
learned a few words of English trom American movies. “I love you,” they whipered as 
they ran around the two American girts. How humiliating! 

Thea there was the prit...pal, Here were two young American “ainas” vt “no 
hablan Espanol.” But they must leam to spcak Spanish=pronte! The principal would 
teach them one hour each day in his office, beginning with the subjunctive tense of the 
verb. 
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Disaster! Lenore hadn't icarned grammay even in hor aalive English. 

A further bumiliation; school efficigh put Lenore back a grade 80 that het age 
would match her clasieaaics. In the classroom the teacher, Sonora Candclatia, wind a 
method of teaching thal was altogether strange to Lepore. The students were given blac 
“caadernas” or polcbooks, They had to copy stories and pictures into thelr notohooks oncr 
and over untill Uhey maichod those in theirs tcxtbooks. Evory cuadomo in Lonore’s class 

bScamwhile, right outside the acindows, lay a city which at thal ime was one of the 
most beautiful in the world, Such a bright world, too, after sunless days in New York. 

Two weeks was all Lonore tasted. “I quit!" the announood to her paronts, And that 
wont for hor sistcz, hea. 


A Year of Freedom 


Lenore’s mother was a veicran teacher, School, in any country, held na scorets for 
her, Far better, from her point of view, to educate hot daughters by exploring [his brand 
new place than fo Icave them in the Jocal school. 

50 the deomion was made, For one year, Lenore, poing on ica years old, and her 
sities, seven, did mol go to school al all. Lastead, they uaveled on buses each day with their 
mother. ‘They took in all the sights of the city, No formal lessons now, only informal anes 
thal the oty and its inhabitants had to teach. Al tre ond of the day they wonl b9 the cafe 
where the “foreigners” met. The guts orderad ice crcam sodas. Life bocame emuch easier 


Homesickness 


Bea anothes focling crops in~homesacieness. Lonore expressed wt by writing a poom. 
It spoke about all the things she had tefi behind, about Thardamving, about her grandma. | 
twas fillod with longing. Her poom waa a prize and wat published in the English language 
aewipapey, the “Caracas Daily Joumal.* 

She also made a pencil eketch of her grandmother, The background far the chetch 
was cagraved tn Lonore’s momory: the cornfortatic cushioned chair ber grandmother had 
nal iA, Ube gooseneck Lamp 90 the elderty womun could sew and read the pomspaper, the 
wall papor with its pink and nase Towers, the photogsaph of her grandmother's parents~ 
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Rassiae peasants an kordhiel and cap~tmowatad on the wail! che piano bongh os one sic of 

Dad Uy a8 the eight, Lonore couldn’ got hor grandmother's Lace 14h, nol the wey 
id really wat. She heft the sketch antmiched. 

A pea yoo sattod, A docision would bave ta be mice alone the gui? edacation, 
Seventy thousand Amoroans lived in Voaczadia. They were oil conipary omployoos and 
thou lamilios. Many were wealthy and they had choir own schouts. The anc in Caracas was 
called Esoucla Carapo Alegre. 


Escuela Campo Alegre--The American School 


Lenoae’s termily gould mod atfiard the tttaaa at this achowl so Losore’s monic: wont 
hack to work, tcachong ai the American cithaol, Lonore aad Harriet biogas clans ttre. 

in saathomation, long dinition was being tampht. The tcachor geve an oplanation, 
Lenore understood instantly, 19 feat, she waderstoad ab the now werk, Thoxzgh she had 
falicn bchind because of the year’s absonce, che caughi wp and maved ta the tap af hes 
dass, From thon on, nid she graduated fram high whool al the age of sixtocn, Lonate 
was Ube top studont and mathematics was het tavonstc subjoot, Although she waa a gid aad 
the best student in mathomatics, the others id nat look down on her, They 7 thought 
she was “different.” Lenove made plonty of friends, 


An Impression 


Hes family met another Jowwh famady ia Caraczs, There wore fost sons 44 tic 
laenily. The oldest, whose mame was Mansol, was sctiows and a batle shy, From thea tent 
fmocling Lonore mate toor in his beet fot this boy. He was filke hor; they wore 
cumple, He was the one che would one dey merry. 

Lenore rarely saw Meaucl in the nest fow years, He was for -yoars elder thes che 
ahd soon wort off to the Sides to stady al the Massachuscite baad of Technolary 
(MIT). tbat he had made an pnprestion. 
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Los Pavos 


Like many teenagers, Lenore had mat / images of how she wanted to be, She was 
trying oul a variety of roles and sometimes her actions seeried contradictory, even to 
herself, 

When she was in high sehnol, her triends we-c * tos pavos," which was Caracas slang 
meaning the fast crowd. Or . day, while she was riding with a boyfriend on his motorcycle, 
they had an accident and erche ‘. Lenore fet. on her ivead, She felt the wound where 
blood was clotting. 

“My brainst My brains are spill'ng outt” thought the panicky thirteen-yearold. But, 
with only i head patch and tw. wecks’ time, she was well again. Then and there she 
decided that motorcycles were not worth the risk. 

Cars, wothes, bikes and romances were part of the Amcrican school scene. Money 
was thrown around and partic. were frequent. Lenore’s parents were tolerant. To them, 
she was the older daughter, the li ‘¢ girl who had taken care of her grandmother so 
faithfully. They set no limits, so Wenore set her own: 3 1:30 curfew, and she never came 
home later. 


A Coup 


When Lenore first arr: cd in Caracas, an attempted revolution was taking place, 
Five years later, on New Years Day in 1958, the dictator, Colonel Marcas Perez Jimenez, 
was finally overthrown. The citizens of Caracas were jubilant. The hated secret police fled 
and ordinary people can the country. Boy Scouts directed traffic and university students 
helped muintsin order. Sometimes students who were friends of Lenore's took her with 
them on their patrols after the curfew fell at night. She loved being part of the excitement. 
The controlling junta-the new ruling group--promised elections in the fall. Every five 
years thereafter, free elections have taken place in Venezuela. 


Searching fora Profession 


Mathematics was Lenore's favorite subject. Instruction in mathematics at the high 
school Lenore attended was poor, and so she learned a whole year of mathematics on her 
own. When she expressed an interest in going on with mathematics in college, her teacher 
advised against it. 
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“Everything important was discovered 2000 years ago," he told her, “You don’t 
want to go into a dead field,” 

Was that (rue? The sixteen-year-old transplanted New Yorker did not know, All 
ahe Knew was when she looked at @ proof on the board, her heart swelled, “It's so 
beautiful, so perfect.” Mathematics eared for no one's opinion, Mathematics was, that was 
all, 

Buildings, beautiful modern concrete forms were springing up all over the city of 
Caracas. Architecture was exciting, creative. Here was a carecr field that combined her 
two loves--mathematics and art, That is what her college major would be. 

But where to apply? ‘To MIT, of course, where Manuel was and where so much 
exciting work was being done. 

To Lenore, MIT was the pinnacle, but, to her great dismay, she was not admitted. 
In response to her application, MIT officials said, “We have only twenty beds in the girls’ 
dormitories and incoming students must live on campus.” Only very few women were 
accepted. [This excuse of dormitory space was corrected some years later, One of the first 
women to graduate from MIT, Katharine McCormick, gave a large sum of moncy to be 
used solely to build a dormitory for women studen.] Lenore decided to go to Carnegie 
Institute of Technology in Pittsburgh, Pennsy.vania, stesd. 


Graduation Summer 


Lenore was valedictorian of ker high school graduating class. Manucl came to 
Caracas for the ceremony, and her senior prom was their first date. That summer, the two 
young pcople talked about many things: Freud and modern psychology, philosophy, snd 
the make-up of the brain. A ncuron could be expressed mathematically. Fascinating! 
More than ever now, she looked forward to college. 


From Caracas to Pittsburgh 


Pittsburgh was an industrial town, a maker of stecl~-old and dingy. Quite the 
Opposite of sparkling Caracas. The students of architecture at Camegie Tech were very 
Serious about their career goals. They worked together in a room that took up an entire 
floor of a building. Often they worked through the night to finish projects. Older students 
offered criticism and advice. Everyone was helpful and friendly. 


R4 


Mathematics is an important tool for architects and they were interested in learning 
formulas, Lenore on the other hand, was interested in learning where these formulas 
came from and why, She missed the beouty of mathematics, 

In her second year at Carmegie Tech, Lenore changed her major fram architecture 
lo mathematios, She knew immediately tat she had made the right choice, 


Marriage and MIT 


Lene: was now elahteen wears old and she and Manucl martied, ‘They moved to 
Boston and rented a small apartment. ‘The young couple's home was Open (0 a growing 
cirele of friends. 

Manuel worked in Warren McCulloch’s Neuro-Physiology Lab at MIT, Here 
people fron all over the world--from Australia, England, Israel, Holland, Jtaly-came to 
work. ‘These people were electrical engineers, mathematicians, philosophers, biologists, 
psychologists. They came together (o work on a common problem—the unders: nding of 
the brain, 

Lenore's and Manuel's apartment became a gathering place for the young people in 
the evenings, Eatisy, singing and playing drums in the small living room gave way to lively 
debates, One might recite a jazzed-up version of “Jabberwocky,” a poem by Lewis Carroll, 
A poem by William Blake could start a discussion about infinity (and other mysterious 
ideas) that would last through the nighi. 


*To see a World ina yrain of sand, 
And a Heaven in a wildflower, 

Hold Infirity in the palm of your hand, 
And Everity in an hour.” 


"Auguries of Innocence,” 
first stanza, by William Blake. 


Continuing College 


Since she was now living in Boston, Lenore applicd and was accepted at Simmons, a 
women's college. She hadn't the courage to apply again to MIT. 
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Mathematics clastes at Simmons were act sophists sted crough, Me college 
administrators agreed to send Lenore to MIT to take a cuutsc in modem algebra, ‘Me 
teacher was Isadore Singer. 

"Here was a class with substance, death, pace--cverything I'd imagined a good 
course to be. It was hard, it was deep, it was absteest... D trusted th’s guy who was 
teaching it. He was atop mathematical researcher, The topics were important; they were 
leading somewhere. He wasn't just reading it aut of a book.” Lenore was transforined! 

She was very quiet in class, She didn’t know where she stood. She was just praicful 
ta be there, The class was huge, nearly 100 students, Lenore finished the semester as one 
of the top students. Yet, when she applied to the graduate program in the Mathematics 
Departinent, she was told by the admissions officer, “MIT is no place for women. Here is a 
list of fine graduate schools, Apply to these,” the man told her. "I would give my own 
daughters the same advice," 

Lenore felt devastated. It looked as though she would again be turned down by the 
only place she wanted to go, a place where exciting mathematics was happening. 

That weekend, there was a party at MIT and Professor Singer was there. He 
ovesheard a group of people discussing “the gir! who wants to enroll in the graduate 
mathemaues program." 

“Who was she?" Singer weadered. It was Lenore Blum. Professor Singer epoke up: 
she was one of his best students. 

Withir: a few days Lenore received a letter of acceptance from MIT. (‘Times have 
changed. ‘Voday, MIT brochures state, “MIT is a place for women.") 


Graduate School 


Lenore decided she would start off graduate school with a bang. Most people took 
two or three courses each semester, Lenore would take cight. It was said that if a woman 
married she would not finish the program. Lenore was married and she would finish. It 
was said that a woman with a baby would drop out. Lenore would have a baby anu remain. 
In spite of everything she would continue. 

At first, life was difficult. Eight courses were more than anyone could handle. 
Lenore dropped them one by one. 
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Manuel had his proup he was on her own, Her co-workers Were pot ised to 
working with a woman eq: ne even tried to drive a Wedge befveen her and Manvel, 
for teasons Lenore cauluai thom, 

There were two other women in ber lass, both maried and both with babies, Hut 
even though they had aurely met cimilar obatactes, there was no feeling of being iwalved in 
& camnon atrugele, 

Nevertheless, later on in the program, an older woman student spent alot ci time 
helping Lenore prepare for the crucial oral cNAminations. Lenore bepan fy realize how 
women could help women, 


A Fantastic Baby 


She and Manuel bad planned the arrival of their baby ta eoincide with the end of 
the schocl year, ‘They took natural childbirth classes, which were quite unusual at the time, 
and on the last day of classes, went directly from MIT to the hospital to have the baby. 

Lenore nursed her new baby, Whose name was Avrim, He was"... 0 fantasti, 
We really had a lot of love for him right from the start.” She was very’ happy. 

Lenore, Manucl and Baby Avrim were always on the go, ‘The new parents cagerly 
tried aut the newest in baby gear such as paper dispers, infant seats and porta-eribs, 

Child care centers were very rare. Babysitters were hasd to come by. Fortunately, 
Mannel had an office in tre basement at MIT and they cared for the baby there, 


Working on a Thesis: Logic and /igebra 


Lenore went on with her work. She did not wait for an advisor to set her to work On 
atopic, She found he. ewn tupie which secame her thesis. 

Some mathematicians were successiully usin, new methods of log:. .0 salve ald 
problems in algebra. What an intriguing idea! Lenore taught herse!f logic and carefully 
Studied these methods and how they were applied. She wanted to understand why they 
Worked, She thought and thought about this from many different angles. 

But what to do with Avrim? He was now a toddler and needed «. .vt of attention. 
Fortunately, during this period, Lenore's mcther was able to come '9 Boston to help care 
for him. 
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MIT had set aside a group of rooms eapecially for women students, “Mis is where 
Lenore would work. ‘Nhe rooms were located right under the famous MET dome inthe 
main building, Here she made herself at home, She broveht her papers and books and set 
up her working space. 

Lenore became engrossed in study and Uicnght, Sonictines she worked through the 
night. She baught food from the vending machines in the basement and slept in the 
lounge, Day turned fnta night, She lost track of time. 

Slowly pattems started ty emerge, Lenore began iy see common features in the 
problems she was studying, She realized that one simple but powerful rule could salve 
then all, She understood this rule so well that abe could explain it fy the logic group in the 
mathematics department and show them why it worked, 

This rule and its proof became her firs: theorem, Later she used this rule to 
discover new results in algebra herself. ‘This work was to became her thesis, but first sb 
needed an advisor, 

“ logic professor, Gerald Sacks, had recently come to MIT and was c:. husiastic 
about Lenure's work. He was the natural choice. She became part of the logic group and 
was included in all thels discussion® aad & 4. Now she really belonged! 

People who were respected 2. fer fied caine "9 hear about her work when she 
defended her thesis. The work sue dio ca. 2d her the doctoral degree. She reecived a 
post-doctoral fellowship and cou...) work any place she chose for ane year, 

Bi Yor a8 the obvious place to go. The mataematics department was one of the 
best in ths rons» A aston: logiclin. tulia Robinson, Jived there, and Manuel bad a job 
Offer, he +09 oes. [Julia 2ebsoson was the first woman appointed P-ofeasor in the 
Berkeley Marheina cies Deparuncat, the first woman elected to the Natunal Academy of 
Sciences, and the first woman president of the Amesican Mathematical Society ] 


Berkeley, Callfornia 


Politics was part of the Berkeley scene. Jt was 1968. People marched in the streets. 
They demonstrated against the war in Vietnam. They gathered to protest tuming u park 
into a parking! \ They talked and they organized, st of the Free Speech Mavenient 
came a new spirit. It was an exciting tinie. 

Bright blue skies and spanish tile roofs nestling in ereen hills reminded her of 
Caracas. People wore colorful, free-flowing dothmp. Lenore felt she was coming home. 
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During her postdoctoral year at Nerkeley, Lenore rcecived several job atten. 
People at Yale Were caper to work with her and offered her a position as assistant 
professor She had offers from MIT and from Berkeley, Manuel had a job at Herkeley and 
20 Lenore tank the Hetkeley offer, even though it was the lawest fail. he pesition was 
lecturer in matheraties, 

These were important thit-vi to consider bul Lenote did net realize this at Ihe time, 
Although discussions with her employer saiced her hopes, no tenure of job security went 
With the position, Whal was worse, she had no professional geo. at Retkeley lo suppurt 
her career growth, 


A Turn of Events 


Alice pwo years as lecturer at Berseley, Lenore was tald she would nut be rehired, 
People assumed she would come another faculty wife, Lenore’: talent ond training 
prepared her ta work at the highest level, But there were no women in peoitions at thal 
level at any of the top mathematics departments in the country. What to do? 

About this time three concemed professors in the Berkeley Methematics 
Department (Moe Hirsch, John Rhodes, and Steve dinate) sponsored a sesies of talks on 
mathematics and social responsibility, Lenore was asked to organize a pancl on women 
and mathematics, She ga. +: -d together scholars (Ravenna Helson, Sheila Johannsen, and 
Elizabeth Scatt] who spoxe about the history of women in mathematics and their present 
satus, Severs) hundred p. ple packed the leeturc hall; this was the first such panel 
an where in the country. All of a suddcn, Lenore became known 25 the expert on women 
and mathematics on the West Coast. 

On the East Coast, women mathe saticans had also begun to organize. That winter 
Mary Gray, of American University, led a prcvest at the mathematics mectings in Atlantic 
City. She wanted women to be part of the J°cision-making groups in the mathematics 
socictics, During the spring, Mary issued a Newsletter and catled for wwuppoit, The 
Association for Women in Mathematics (AWM) had begun, 

AUfirst, Lenore was rcluctant to join. She wanted fo be cnown as a mathemytine 
AOL AS A Wortan mathematician, But soon she became convinced: the titustion for Wuinen 
in mathematics would not change without the AW), (Mary Gray was the fest presidene: of 
the AWM and Alice Schafer of Wellesley College the second. Later, Lesore bezame 
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president, Other presidents have been Judy Puitman of the University of Kansas, and 
Bhama Srinivasan of the University of Miinois at Ohicago Citcle | 


The AWM and Change 


It Was 1971 and the beginning of a new era fort snore and other women 
mathemaliaans, Mey spoke out, Dicy wrote letters, Dicy sponsored talks and panels 
and debates. In their newsletter, they pointed out haw of was hander, sometimes 
imposible, fOr WaIncH Mathematicuns ty ect good jobs, Dicy asked tough questions and 
they Were Nol always popular, Mut they pained courage and suppert from one another, 

For the first time, Lenore aas.s Liends with women who understood and valued her 
work, Two of these women, Judy Roitman, a Jogician and Bonnic Milles, an astrophysicist, 
were pattiqulanly important for Lenure. 

“Without their triendship, | could not have accomplished what J have,” she says. 
“When T felt down and out, they tousted my spirits. And wren things went well, they 
checred me on. Even today, we keep in dase touch, though we now live in different parts 
of Une county,” 

The situation began to change, By the middle of the 1970's, women mathematicians 
were becoming more visible, They were invited to present vicir rescareh results at 
impoitant professional meetings. They were clected to high pasitions in the protessianal 
associalions. This kind of activity is very important far the carece growth of 
mathematicians, 

By the end of the 1970's, women mathematicians were gciting better jobs, some in 
top departments, Inc-ed, by its tenth birthday, the AWM had brought about many 
urPorant chinges for women in mathematics, 


A New Direction 


In the fall 0: 5973, Lenore was hired to teach a dass in college algebra at Mills 
College, a waren’s cullege in Oakland, California. She Uiought the course was dull. It 
repeated high school work and didn't seem (to lead anywhere, In the middle of if she said, 
“| am going to teach you something much more uscful-calouluat!” Then and there, she 
tealized that a carcfully designed “pre-ca oulus™ course could open doors far many women. 
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Some girls drop miathematies in high school because they think is hard and boring. 
They think i's sot important fos theis future. Then, when they get to college, they want te 
ented Fields like medicine, business, engineering and fOMNPuler science, which tequite a 
knowledge of higher mathenation, A good pre-catoulus ooutse can intiaduce them to 
caleulus and higher mathematic “t helps bridge a gap for women students. 

Lanote helped her students fecl the excitemcat of mathenvatios and helped them 
gain coufidence ao they could really da it. She taught thens ty took for pictures in 
equations. Is it a straight line? Is it a tising curve? She showed tens thal peaple salve 
problems in different ways, Sometitica, gucasing isa good way, 

She said, “You can learn these Usings: you don’t have to be bom 4 math whe." 

Lenore always knew that what she was saying was much bipger tya> *} es one class, 
‘This one class grew into a program. | cnoye became Head cf the new Dap tinent of 
Mathematics and Camprter Science ot Mills College, 

Students at Mills started fo study caloulus, computer science, Malisticn-courses Hal 
would help women enter fields that they did not even think of in the past. Some new fields 
far wornen to consider were acienee, cagineciing, medicine and economics, By 198), more 
sudents at Mille were taking classes in mathematics and computer seietce Mas in any 
other subject, They were also petting summes jobs a thesc technical elds. Whata 
chinge! 


The Math/Science Network 


Meatomhile, progress was being made aa other fants, Atthe Lawrence Hall of 
“cienec in Berkeley, afterschool dauses in mathematics and science were beisg offered for 
grade school students, Nancy Kicinbssg, a director of the program, noticed Wat very few 
pinks were taking thetic canes. She decided to do something about this, She started “Math 
for Guts.” 

“Math for Girls” is a special dass for sit: to twelveyeat-alds, Here, young gisls gel 
fogelies to salve puzzles and play challenging games—activiticr which help develup 
important problem-solving skills. Their teachers ate college wemen who en joy 
mathematics, science and engiocesng. 

Nancy worked with young girls and Lenore wc eed with college wornen, bul soon 


they found out they had 2 Jet in commen. Onc surunice aft * 5975, they met with 
like-minded scientists and educators to share ideas. Quictly "aled they were 
92. OQ} 


Ona something biz. Ticy could combine many resources and talents in the community 
and cicate a powerful furee for change, ‘Me Math Science Nepwork was on ils way! 

Lesote and Nancy took their message across the POUT. 

“Eneousage young wanicn to lake 26 much matbeniatics as they can" they said. 
“Wa important for Mheit future.” Thowands and tousands of young women licatd Mie 
messed as they alicaded Nepaotk events. 

Howas Uvilling to make important things happen. But ahere was the litte gid wha 
liked to ga aff, do mathematics, make drawines, and dream? 


Pulling In the Reins 


With the coming of the 1980's, Lenore pulled in the reins, She decided to retusa ts 
het work 39 2 tescatch misthemarician, 

Taking 4 leave of absence for a year from Mills College, Lenore returned to MIT, 
Manuel and Airim, her family, stayed On the West Coast, where Lenore visited them 
Lequently, She cantiaved ta lecture af universities around the country on women and 
mathematics, 


Back to Research: Mathematics and Computer Science 


Ia her research, Lenore uses mathematics to study why same problems are hard for 
cotputcrs and why scime are eaty-and why sone problems can’t even be solved at all! 

Several years eatlicr, abe and Manucl had wriven a paper logether, They were 
inletcetes, jn designing computers that could Ieam from caamples in much the same way 
young dildicea da, Lenore’s now work explores these ideas further, 

Research goes very lowly, “Some aya," Lenore says, “I suay sit al Riv hese fer 
hours aad senbblc only a few lines, But cach day, my understanding increases, and | begin 
to sce things fall into place, I view my work as the beginning of a ten-ycar program.” 

Finding interconnections between het work and other projects, working among 
ctealive people = ho value her work-these are Lenore’s rowstda. 

“IVs exctinp.” she says, to talk with other people and see haw what we do fits 
together.” 
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The Math-Science Network Today 


Lenore helped stant the Mathicienee Network, a San Vrancisco-based s1auy. Phe 
Nebweark encaurges young women {oO tudy mathematics in onde: ta qualify fur siany 
CaICCSs, SUC as CBIR CCHAR, medicine, and compules scicnec. 

The Math Sacnese Netwotk mecta one a nionth, At the ss: - haga ple talk while 
sealed around a harscshor-shaped fable, Lets prcscsa thal there are ten people at this 
meeting. Who is silting where? Can you figure it out) 

Ll cnate is seated ta the left at Len (not neeescatily pest $3}, dupatedh is fa the tcf 
sf lenote, Nancy is hetwsca Rita and Lh, with Rita on hee tight, Elizabeth bs ta the sight 
of Diane and Carol ss left of Len. Carolis bomen Jan and Flivahem, Flora is betecs 
Lenore and E}vabeth, Oh yes! And Luvy coines in fate, walks to the cfd of the table, and 
sits down next 4a Rita, 


(Mowe fates OA dips OF px: cr. Much easics that way!) 
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MULTIPLES OF 3 


Tiere vs aa Cary way fo figd out wheiiet a nuihes is a tHultiple of 2, cusce all 
Multiples af 2 have a dipital sues thal is 4, ct 6, oF 9 

What ts a digital sui? 

Veu know what an ondiaary ain is. A digital sun e the ec alte adding digits. 
bacry number has a digital aim which is found by adduig ils digi Vere are suxise 
examples of how to find the digital sata of a nubs. 


® 726i 4 two digit pumbo: tte digits ate 2 ard Ge. tts digital curt is Reiner Je G+ 8 


@ Adis ancthes two digis aumbes. [ts Gigits ate Hand 4. Yes dizital sm as Y sitsce 4x 
>= 9, (49 83 abso a multiple af 3 siner its digital sum és 9.) 


© To find the digital sur, of 458, add 4 Se 8 to get V7, Since 17a Hot a ont igat 
pumbey Wis not the digital sum We need. Continue ty add Je Pia pet 8 which @ rie eital 
aun of 458. (Remembes, the digital um we want to look ata a one digal number frog | 
through 9,) 


@ To find the digital surm of $28 add § «2 Sto getld. Tica add bs 24 sot 3 
which is the digital sum of 428. Since Vis a multiple of A, 825 is alwo gmulticte of 3, it 


you doa’t believe this, divide $25 by 30 convince psursclf.) 


Practice your pow, faut, leat for multiples of 3, Shade all reultiples of 3 ta 
complete the picture of Caracas en p. 96. 
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